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3-MERCAPTOPYRROLJDINES AS FARNESYL PROTEIN TRANSFERASE INHIBITORS 

This invention relates to compounds thai inhibit farnesylation of mutant ras gene 
products through inhibition of the enzyme farnesyl-protein transferase (FPTase). The 
5 invention also relates to methods of manufacturing the compounds, pharmaceutical 
compositions and methods of treating diseases, especially cancer, which are mediated through 
farnesylation of ras. 

Cancer is believed to involve alteration in expression or function of genes 
controlling cell growth and differentiation. Whilst not wishing to be bound by theoretical 

10 considerations the following text sets out the scientific background to ras in cancer. Ras 
genes are frequently mutated in tumours. Ras genes encode guanosine triphosphate (GTP) 
binding proteins which are believed to be involved in signal transduction, proliferation and 
malignant transformation. H-, K- and N-ras genes have been identified as mutant forms of ras 
(Barbacid M, Ann. Rev. Biochem. 1 987, 56: 779-827). Post translational modification of ras 

15 protein is required for biological activity. Farnesylation of ras catalysed by FPTase is 

believed to be an essential step in ras processing. It occurs by transfer of the farnesyl group of 
farnesyl pyrophosphate (FPP) to a cysteine at the C-terminal tetrapeptide of ras in a structural 
motif called the CAAX box. After further post-translational modifications, including 
proteolytic cleavage at the cysteine residue of the CAAX box and methylation of the cysteine 

20 carboxyl, ras is able to attach to the cell membrane for relay of growth signals to the cell 
interior. In normal cells activated ras is believed to act in conjunction with growth factors to 
stimulate cell growth. In tumour cells it is believed that mutations in ras cause it to stimulate 
cell division even in the absence of growth factors (Travis J, Science 1993, 260: 1877-1878), 
possibly through being permanently in GTP activated form rather than cycled back to GDP 

25 inactivated form. Inhibition of farnesylation of mutant ras gene products will stop or reduce 
activation. 

One class of known inhibitors of farnesyl transferase is based on farnesyl 
pyrophosphate analogues; see for example European patent application EP 534546 from 
Merck. Inhibitors of farnesyl transferase based on mimicry of the CAAX box have been 
30 reported. Reiss (1990) in Cell 62, 81-8 disclosed tetrapeptides such as CVIM (Cys-Val-IIe- 
Met). James (1993) in Science 260, 1937-1942 disclosed benzodiazepine based 
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peptidomimetic compounds. Lerner (1995) in J. Biol. Chem. 270, 26802 and Eisai in 
International Patent Application WO 95/25086 disclosed further peptidomimetic compounds 
based on Cys as the first residue. Bristol-Myers Squibb in European Patent Application HP 
696593 disclosed for the first time farnesyl transferase inhibitors having a 4- 
5 sulfanylpyrrolidine residue in the first position. It is believed that there has been no disclosure 
of such compounds having a 3-sulfanyl pyrrolidine moiety in the first position. 

According to one aspect of the present invention there is provided an inhibitor of 
ras farnesylation of Formula 1 



R is selected from H; -Ci_ 4 alkyl; -CO-Ci_ 4 alkyl; -CO-O-C^alkyl; 
-CO-0-C 2 -4alkenyl; -C M alkylene-CONR 4 R 5 (wherein R 4 and R 5 are independently 
selected from H and Chalky I); -C 1 . 4 alkylene-COOR 6 (wherein R 6 is selected from H and 
C M alkyl); -Ci_ 3 alkylene-Ph and -CO-0(CH 2 )„Ph wherein the phenyl groups in -C,. 

15 ,alkylene-Ph and -CO-0(CH 2 )„Ph are optionally substituted by R' and/or R b and R« and Rb an 
independently selected from Cj. 4 alkyl, halogen, hydroxy, C^alkoxy. Cj^alkanoyl, 
Ci_4alkanoyloxy, amino, C j _ 4 alkylamino. di(Ci_ 4 alkyI)amino, C^alkanoylamino, nitro, 
cyano, carboxy. carbamoyl, Cj^alkoxycarbonyl, thiol, C ] ^alkylsulfanyl, 
C^alkylsulfinyKCi^alkylsulfonyl and sulfonamide; and n=0-4; 

20 R 2 is selected from H; -CMalkyl; -COCj ^alkyl; and -COOC M alkyl; and 
-C|_3alkylene-Ph optionally substituted on the phenyl ring by R'and or R b ; 
R 3 is selected from H; OH; CN; CF3; NO2; -C M alkyl; -Cj^alkylene-R?; 
-C„alkenylene-R 7 ; -C M alkynylene-R 7 ; R 7 ; OR 7 (where R 7 is selected from phenyl, naphthyl, 
a 5-10 membered monocyclic or bicyclic heteroaryl ring containing upto 5 heteroatoms 

25 selected from 0,N and S and any aryl ring in R 7 is optionally substituted by R a and/or R k ); 
C 2 . 4 alkenyl; halogen; -(CH 2 ) n COOR 8 (where n' = 0-3 and R 8 represents H, Ci_ 4 alkyl, or 
C^alkenyl); -CONR 9 R 10 (where R 9 and R 10 independently represent H, C M alkyl, 




Formula I 



10 wherein: 
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C^alkenyl, -0-C M alkyl, -0-C 2 _ 4 alkenyl or -Ci_3alkylenePh (wherein Ph is optionally 
substituted by R" and R b as hereinabove defined);-CON(R' ^OR 1 2 (where R 1 1 and R 12 
independently represent H. C^alkyl or C2-4alkenyl); 

agroup of Formula II: -CONR 13 -CR'"R 14 -COOR 17 , (where R 13 and R ,5 » arc independently 
H or C M alkyl, R 1 7 is H or C]. 6 alkyl, R 14 is selected from the side chain of a lipophilic 
amino acid. carbamoylCi^alkyl. N-(monoCMalkyl)carbamoylCi-4alkyl and N-(diCi- 
4alkyl)carbamoylC i ^alkyl) the group of Formula II having L or D configuration at the chiral 
alpha carbon in the corresponding free amino acid; a lactone of formula: 



-CON ( / 

C1.4a.kyl monosubstituted on carbon with =N-OH; 

a group of Formula -X-R 15 (where X is selected from O, CO, CH 2 , S, SO, S0 2 and R 15 is 
selected from CMalkyl, phenyl naphthyl, a 5-10 membered monocyclic or bicyclic 
heteroaryl ring containing upto 5 heteroatoms selected from 0,N and S and any aryl ring in 
15 R 15 is optionally substituted by R a and/or R b ; 

p is 0-3 in which R values can be the same or different; 

L is a linking moiety selected from the following groups written from left to right in 
Formula I: 

v_ N ^ N / W~y^ V0-{ 0 V-*r^uX 

20 (wherein the piperazine and perhydro-l,4-diazepine rings are optionally substituted); 
-CO-NR 16 -; -CH 2 .NR 16 - ; -CH 2 S-; -CH 2 0- ; -CH 2 .CHR 16 ; -CH=CR"!-; -CH 2 NR>6-T-; 
-CH 2 NRI6-S0 2 -; -CH 2 -NRi6-CO-Ti-; -CO-NR' 6 -T-; -CH 2 S-T-; -CH 2 0-T- (where R 16 is 
selected from H, C M alkyl, C|. 4 alkylene-Z, -CO-C M alkylene-Z, -CO-C]. 6 alkyl, -COZ. Z 
and Z is selected from -O-C^alkyl, phenyl, naphthyl, a 5-10 membered monocyclic or 

25 bicyclic heteroaryl ring containing upto 5 heteroatoms selected from O, N and S and any aryl 
ring in R 1 6 is optionally substituted by R* and/or R b as hereinabove defined; 
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where, T represents -(CH2)m- where m is 1-4 and T is optionally monosubstituied with any 
value of R 1 6 other than H; and 

where T 1 represents -(Cl ^m 1 - wherein m' is 0-4 and T is optionally monosubstituted with 
any value of R 1 6 other than H); 
5 A is selected from phenyl; naphthyl; a 5-10 membered monocyclic or bicyclic heteroaryl ring 
containing upto 5 heteroatoms where the heteroatoms are independently selected from O, N & 
S; 

or a -S-S- dimer thereof when R =H; or a N-oxide thereof; 
or a pharmaceutical^ acceptable salt, prodrug or solvate thereof. 
1 0 In another aspect of the invention there is provided an inhibitor of ras 

farnesylation of Formula 1 
wherein: 

R 1 is selected from H; -C]. 4 alkyl; -Ci_3alkylene-Ph optionally mono or di-substituted on Ph 
with substituents selected from Chalky I, halogen, OH, Cj^alkoxy, C]^alkanoyK 

1 5 C ] _4alkanoyloxy. amino, C \ .4alkylamino, di(C | .4alkyl)amino, C i ^alkanoylamino, nitro, 
cyano, carboxy, carbamoyl, C]. 4 alkoxycarbonyl. thiol. C^alkylsulfanyl, 
Ci_4alkylsulfinyl,Ci_ 4 alkylsulfonyl and sulfonamido; -CO-Cj^alkyl; -CO-O-C M alkyl; 
-CO-0-C2^alkenyl; -CO-0-(CH2)nPh optionally substituted on Ph as defined for 
substitution on Ph in R 1 = -Cj^alkylene-Ph above and n=0-4; 

20 -C]_4alkylene-CONR 4 R 5 where R 4 & R 5 are independently selected from H and C^alkyl; 
and -Ci^alkylene-COOR 6 where R 6 is selected from H, Cj^alkyl; 
R 2 is selected from H; -Cj^alkyl; -Cj^alkylene-Ph optionally substituted on Ph as defined 
for substitution on Ph in R 1 - -Cj^alkylene-Ph above; -COCj^alkyl; and -COOC]^alkyl; 
R 3 is selected from H; OH; CN; CF3; NO2; -C M alkyl; -C|. 4 alkylene-R 7 where R 7 is 

25 selected from phenyl, naphthyl, a 5-1 0 membered monocyclic or bicyclic heteroaiyl ring 
containing upto 5 heteroatoms selected from 0,N and S and any aryl ring in R 7 is optionally 
substituted as defined for substitution on the Ph group in R 1 = -C|_3alkylene-Ph above; R 7 ; 
C2.4alkenyl; halogen; -(CH 2 ) n COOR 8 where n= 0-3 and R 8 represents H, Cj^alkyl, or 
C 2 -4alkenyl; -CONR 9 R 10 where R 9 and R 10 independently represent H, Ci^jalkyl, 

30 C 2 -4alkenyl, -0-C]^alkyl, -0-C2^alkenyl, -C]-3alkylenePh optionally substituted as 
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defined for this group for R 1 above;-CON(R 11 )OR 1 2 where R 11 and R 1 2 independently 
represent H, Cj^alkyl and C 2 _ 4 alkenyl; 

a group of Formula II, -CONR 13 -CHR ,4 -COOR 17 . where R 13 is H or C M alkyl. R 17 is H 
or Cj . 6 alkyl. R 14 is selected from the side chain of a lipophilic amino acid, 
5 carbamoylC i -4alkyl, N-(monoC i -4alkyl)carbamoylC i . 4 alkyl and N-(diC ] . 
4 alkyl)carbamoylC|^aIkyl < the group of Formula II having L or D configuration at the chiral 
alpha carbon in the corresponding free amino acid; a lactone of formula 

-CON ( / 

I v° 

R'3 S 

C^alkyl monosubstituted on carbon with =N-OH; 
1 0 a group of Formula -X-R 1 5 where X is selected from O, CO. CH 2 , S, SO, S0 2 and R 1 5 is 
selected from C,. 6 alkyK phenyl, naphthyl, a 5-10 membered monocyclic or bicyclic 
heteroaryl ring containing upto 5 heteroatoms selected from 0,N and S and any aryl ring in 
R is optionally substituted as defined for the Ph group in R 1 = -C , _ 3 alkylene-Ph; 
p is 0-3 in which R 3 values can be the same or different; 

15 L is a linking moiety selected from the following groups written from left to right in Formula 
I: 

-CO-NR 16 - where R 16 is selected from H, C M alkyl, C , . 4 alkylene-Z, -CO-C M alkylene-Z, 
-CO-Ci- 6 alkyl. -COZ, Z and Z is selected from -0-Ci_ 4 alkyl, phenyl, naphthyl, a 5-10 
membered monocyclic or bicyclic heteroaryl ring containing upto 5 heteroatoms selected from 

20 O, N and S and any aryl ring in R 16 is optionally substituted as defined for the Ph group in R 1 
- -Ci. 3 alkylene-Ph; -CH 2 .NR 18 - where R 18 represents any value defined for R 16 ; -CH 2 S-; 
-CH 2 0-; -CH 2 .CHR 19 - where R 19 represents any value defined for R 16 ; -CH=CR 20 - where 
R 20 represent any value defined for R ,6 ; -CH 2 NR 2I -T- where R 21 represents any value 
defined for R 16 , T represents -(CH 2 ) n - where n is 1-4 and T is optionally monosubstituted 

25 with R where R 22 represents any value for R 16 other than H; -CH 2 NR 23 -S0 2 - where R 23 
represents any value defined for R 16 ; -CH 2 .NR 24 -CO-T- where R 24 represents any value 
defined for R 16 , T represents -(CH 2 ) n - where n is 0-4 and T is optionally monosubstituted 
with R where R 29 represents any value for R 16 other than H; -CO-NR 25 -T- where R 25 
represents any value defined for R 16 , T represents -fCH 2 ) n - where n is 1-4 and T is optionally 
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monosubstituted with R 26 where R 26 represents any value for R 16 other than H; -CH2S-T- 

where T represents -(CH2) n - where n is 1-4 and T is optionally monosubstituted with R 27 

27 16 
where R represents any value for R other than H; -CH2O-T- where T represents 

-( CH 2)n" wherc n is 1-4 and T is optionally monosubstituted with R 28 where R 28 represents 
5 any value for R 1 ^ other than H; 
A is selected from phenyl; naphthyl; a 5-10 membered monocyclic or bicyclic heteroaryl ring 
containing uplo 5 heteroatoms where the heteroatoms are independently selected from O, N & 
S; 

or a -S-S- dimer thereof when R =H; or a N-oxide thereof; 
10 or an enantiomer. diastcreoisomer, pharmaceutical ly acceptable salt, prodrug or solvate 
thereof. 

In another aspect of the invention the group of Formula II is expanded to allow 
substitution of H by Cl-4alkyl at the a carbon (to which R 14 is attached) such that Formula II 
becomes -CONR 13 -CR 13a R ,4 -COOR 17 where R ,3a represents H or Ci-4alkyl and other 

1 5 variable groups take any of the values (ranging from general to specific within the scope of 
Formula I) described herein. 

In this specification the generic term "alky!" includes both straight-chain and 
branched-chain alkyl groups. However references to individual alkyl groups such as "propyl" 
are specific for the straight-chain version only and references to individual branched-chain 

20 alkyl groups such as "isopropyl" are specific for the branched-chain version only. An 
analogous convention applies to other generic terms 

The term " halogen " refers to fluorine, chlorine, bromine and iodine. The term " 
carbamoyl " refers to -C(0)NH2. The term " BOC " refers to tcrkbutyl-O-C(O)-. The term " 
allyl " refers to CH2=CH-CH2- Bicyclic aryl and bicyclic heteroaryl rings refer to ring 

25 systems in which both rings of the bicyclic system are aromatic. 

Examples of Chalky I include methyl, ethyl, propyl, isopropyl, .fee-butyl, /er/-butyl 
and pentyl; examples of Ci^alkyl include methyl, ethyl, propyl, isopropyl, sec-butyl and 
fe/7-butyl; examples of C 1.3 alkyl include methyl, ethyl, propyl and isopropyl; examples of - 
Ci-3alkylenePh include benzyl, phenylethyl, phenylpropyl; examples of Ci-4alkoxy (also 

30 called -0-Ci-4alkyl herein) include methoxy, ethoxy and propoxy; examples of 

C].4alkan yl include formyl, acetyl and propionyl; examples of Cj^alkanoyl xy include 
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acctyloxy and propionyloxy; examples of CMalkylamino include methylamino, 
ethylamino, propylamino, isopropylamino, wc-butylamino and /m-butylamino; examples of 
di-(Ci. 4 alkyI)an.in« include di-methylamino, di-ethylamino and N-ethyl-N-methylamino; 
examples of C^alkanoylamino include acetamido and propionylamino; examples of 
5 C^alkoxycarbonyl include methoxycarbonyl. ethoxycarbonyl and propoxycarbonyl; 
examples of C M alkylsulfanyl include methylsulfanyl. ethylsulfanyl, propylsulfanyl 
isopropylsulfanyl. ^-butylsulfanyl and ^/-butylsulfanyl; examples of C M alkyl S „l fi ny. 
include methylsulfinyl, ethy.sulfmyl, propylsu.finyl. isopropylsu.finyl, ^c-butylsulfinyl and 
/m-butylsulfinyl; examples of C^alkylsulfonyl include methylsulfonyl, ethylsulfonyl 
10 propylsulfonyl. isopropylsulfonyl, ^c-butylsulfonyl and /m-butylsulfonyl; examples of -CO- 
CMalkyl include formyl, acetyl, propionyl, butyryl. and valeryl; examples of -CO-O-C, 
4 alkyl include ethyloxycarbonyl; propyloxycarbonyl and /m-butyloxycarbonyl (BOC)- 
examples of -CO-O-C^alkenyl include allyloxycarbony. and vinyloxycarbonyl: examples 
of -CO-0-(CH 2 )„Ph where n=0-4 include phenyloxycarbonyl. benzyloxycarbonyl, 
1 5 phenylethyloxycarbonyl and phenylpropyloxycarbonyl; examples of 
-C j. 4 alkylene-CONR 4 R S include carbamoylmethyl, carbamoylethyl, N- 
methylcarbamoylethyl, N-methyl-N-ethylcarbamoylethyl; examples of 
-C.4alky.ene.COOR 6 include carboxymethyl. carboxyethyl, carboxypropyl, propionic acid 
methyl ester, acetic acid ethyl ester; examples of C 2 -4alkenyl include ally] and vinyl 
20 examples of -O-Q^alkenyl include allyloxy and vinyloxy: examples of lipophilic amino 
acids include valine, leucine, isoleucine, methionine, phenylalanine, serine, threonine and 
tyrosme; examples of carbamoyl M alkyl include carbamoylmethyl, carbamoylethyl and 
carbamoylpropyl; examples of N.(monoCMa.kyl)carbamoy.C M a.kyl include N-methyl- 
carbamoylmethyl and N-ethyl-carbamoylethyl; examples of NKdiCMalky.)carbamoyl-C, 
25 4 a.ky. include N,N-dimethylcarbamoylethyl and N-methyl-N-ethylcarbamoylethyl; examples 
of Chalky, monosubstituted on carbon with =N-OH include butyraldehyde oxime and 
propionaldehyde oxime; examples of hydroxyCi^alkyl include hydroxymethyl 
hydroxyethyl, hydroxypropyl, 2-hydroxypropyl, 2-(hydroxymethyl)propy. and hydroxypentyl- 
examples of C,. 6 a.koxyC^alM include methoxyethyl, ethoxyethy. and methoxybutyl- 
30 examples of C^a.kylcarb nyl include methylcarbonyl, ethylcarbonyl, propylcarbonyl 
.sopropylcarbonyl.v.c-butylcarbony., ,e*-buty.carbony. and pentylcarbonyl; examples of 
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hydroxyCi-6alkylcarbonyI include hydroxyacetyh hydroxypropionyl. hydroxybutyryl, 3- 
hydroxybutyryl and hydroxypentanoyl; examples of Ci-6alkoxyCi-6alkylcarbonyl include 
methoxyacetyl, methoxypropionyl, ethoxybutyryl and butoxyacetyl; examples of phenylC]. 
6 alky I include benzyl, phenylethyl and phenylpropyl; examples of -CO-Ci^alkyl-Ph 

5 include phenylacetyl and phenylpropionyl; examples of -CO-Ci-4alkyl-heteroaryl include 
2-(3-pyridyl)-acetyl and 2-(3-thienyl)-acetyl; examples of N-(Ci-6alkyl)carbamoyl include 
N-methyl-carbamoyl and N-ethyl-carbamoyl; examples of N-(diCi-6aIkyl)carbamoyl 
include N.N-dimethvlcarbamovl and N-methyl-N-ethylcarbamoyl. 

Examples of 5-10 membered monocyclic or bicyclic heteroaryl rings containing 

1 0 upto 5 heteroatoms selected from 0,N and S include the following: 

Examples of 5- or 6-membered heteroaryl ring systems include imidazole, triazole, pyrazine. 
pyrimidine, pyridazine, pyridine, isoxazole, oxazole. isothiazole, thiazole and thiophene. A 9 
or 10 membered bicyclic heteroaryl ring system is an aromatic bicyclic ring system 
comprising a 6-membered ring fused to either a 5 membered ring or another 6 membered ring. 

1 5 Examples of 5/6 and 6/6 bicyclic ring systems include benzofuran, benzimidazole, 

benzthiophene, benzthiazole, benzisothiazole, benzoxazole, benzisoxazole, pyridoimidazolc, 
pyrimidoimidazole, quinoline, isoquinoline, quinoxaline, quinazoline, phthalazine, cinnoline 
and naphthyridine. 

Preferably monocyclic heteroaryl rings contain upto 3 heteroatoms and bicyclic 
20 heteroaryl rings contain upto 5 heteroatoms. Preferred heteroatoms are N and S, especially N. 
In general, attachment of heterocyclic rings to other groups is via carbon atoms. Suitable 
values of heterocycles containing only N as the heteroatom are pyrrole, pyridine, indole, 
quinoline, isoquinoline, imidazole, pyrazine, pyrimidine, purine and pteridine. 

The term 'lipophilic amino acid' as used in this specification encompasses both natural 
25 and unnatural amino acids. 

14 

Examples of lipophilic amino acids which contribute their side chain (denoted R 

within the definition of values for R 3 ) include methionine, phenylglycine, phenylalanine, 

serine, leucine, isoleucine or valine. L configuration in the corresponding free amino acid is 

14 

preferred. Examples of amino acid side chains are set out below. A preferred value for R is 
30 -CH2-CH2-S-CH3. Further preferred values for R 14 are -CH2-OMe and -CH2-CH2-OMC 
Some examples of amino acids and their side chains are given below: 
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methionine -CH2-CH2-S-CH3 

phenylglycine Ph 

phenylalanine -CH2-Ph 

serine -CH 2 OH or a C 1 ^alkyl (preferahly methyl) ether thereof. 

Leucine -CH2-CHMe2 

homoserine -CH 2 -CH 2 -OH or a C M alkyl (preferably methyl) ether thereof. 

When R 17 is H to give a COOH group in Formula II. and R 14 is -CH 2 -CH?-OH then 
a lactone can be formed where R 1 7 and R 1 4 together form part of a dihydrofuranXone 
5 heterocyclic ring. The same lactone can be formed for compounds of Formula III 
hereinbelow, where X 4 is OH and X 3 is H. 

Preferably R 1 is selected from H; -CO-0-<CH2)nPh optionally substituted on phenyl 
hereinabove defined; -CO-O^alkenyl; -CO-C M alkyl; -C M alkylene-CONR 4 R 5 where 
R and R are independently selected from H, C|_ 4 alkyl. 
1 0 Most preferably R 1 is hydrogen. 

Preferably R 2 is selected from H and -CO-Cj -4alkyl. 
Most preferably R 2 is hydrogen. 

Preferably L is selected from -CH2-NR 16 - and -CH 2 NR ,fc -T 
Preferably A is selected from phenyl, naphthyl, pyridyl and thienyl. 
1 5 Most preferably A is phenyl or naphthyl . 

Preferably combinations of R 3 and p are selected from: 
0 R is selected from a group of Formula II, -C|. 4 alkylR 7 -O-R 7 and R 7 ; and p=l-3 
with the proviso that at least one of R 3 is a group of the Formula II; 
ii) p=0 with the proviso that A is naphthyl and L is -CH 2 NR l6 -T; and 
20 iii) p=l with the proviso that R 3 = a group of Formula II and A is phenyl or naphthyl. 
Suitable pairs of values for R 3 when p=2 are: -COOMe, -CO.N(Me).OMe; N0 2 , 
-CO.N(Me).OMe; -COOMe, allyloxycarbonyl; -CO.N(Me).OMe, allyloxycarbonyl; 
allyloxycarbonyl, -CO.N(Me).O.CH 2 CH=CH 2 ; OH, COOH; -COOMe, COOMe; Ph, 
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-CO.N-Methionine methyl ester; Ph, -CO.N-Methionine: benzyl, -CO.N-Methionine methyl 

ester; benzyl. -CO.N-Methionine; benzyl, -CO.N-Methionine isopropyl ester; Ph, 

-CO.Nct-Glutamine methyl ester; and Ph, -CO.Na-Glutamine 

Suitable values for L= CHNRI* T include CH2-N(CO.CI l2.CHMe2).CH2.CH2; 
5 CH2-N(CH2 CH2 CH20Me).CH2.CH2; CH2.N(CH2/>Ph.OMe).CH2.CH2; 

CH2.N(CO.CH2.CHMe2).CH2;CH2N(CO.CH2.CH2.CH2.Me).CH2; 

CH2N(CO.CH2.CHMe.CH2Me).CH2;CH2N(CO.CH2.CH2.0Me)CH2; 

CH2N(CO.CH2-pyridin-3-yl).CH2; CH2N(4-methoxybenzyl)CH2; 

CH2N(CO.CH2.CHMe2)CH2.CH2.CH(Ph);CH2N(CO.CH3)CH2.CH2.CH(Ph); 
10 CH2N(CO.CH2-CMMe2)CH2; CH2N(CO.CH3)CH2; CH2N(CO.CH2.CHMe2)CH2.CH(Ph); 

CH2N(CO.CH2.CMe3)CH2.CH(Ph); CH2N(CO.CH2.pyridin-3-yl)CH2.CH(Ph); 

CH2N(C0.1-hydroxy-6-methoxy-pyridin-3-yl)CH2.CH(Ph): CH 2 N (CO.CH 2 pyrid-3- 

yl)CM 2 CH(Ph); CH2N(CO.CH2CHMe2)CH2.CH2; CH2N(CO.CH2CMe3)CH2.CH2: 

CH 2 N(CO thiazol-2-yl)CH J CH 2 : CH 2 N (CO l-oxido-6-hydroxypyridin-3-yl)CH } CH 2 ; 
15 CH2N(CO.CH2pyridin-3-yl)CH2.CH2 and CH2N(C0.4-methoxybenzyl)CH2.CH2. 
Preferred values for CH 2 NR'*T include 

CH 2 N(C0.CH 2 .CHMe 2 )CH 2 .CH(Ph); CH 2 N (CO.CH 2 pyridin-3-yl)CH 2 CH(Ph); CH 2 N(C0.1- 

hydroxy-6-hydroxypyridin -3-yl)CH 2 .CH(Ph); CH,N(CO thiazol-2-yl); CH 2 CH 2 : and CH 2 N 

(CO. 1 -oxido-6-hydroxypyridin-3-yl) CH 2 .CH 2 . 
20 Suitable values for L = -CH2NR 1 6 - include CH2NH; CH2NMe; 

CH2N(CO.CH2.CHMe2) and CH2N(CO.CH2.CH2-OMe). A preferred value for -CH 2 NR 16 - 

is -CM 2 NH 2 -. 

When L is -CH2NR ,6 -T- a suitable value for m is 1 . When L is -CH2-NR l6 -CO-T'- a 
suitable value for m' is 1 . When L is -CH2-NRI6-T- a suitable value for m is 1 . When L is 
25 -CH2-S-T- a suitable value for m is 1 . When L is -CH2-O-T- a suitable value for m is 1 . 
L is especially -CONH-, -CH 2 -NH-. -CH2NHSO2., -CH 2 NHCO-. 
In another aspect L is of the formula 



wherein the piperazine ring is optionally substituted by C M alkoxyC,. 
4 alkyl, phenoxyC M alkyl or heteroaryloxyC M alkyl. 

30 




WO 98/07692 



-11- 



PCT/GB97/02212 



Preferably, when L is of the formula 

5 A is naphthyl. 

Preferred compounds of the invention are any of the formulae III, IV and V: 



'S 



H Formula III y2 




CONH- 

COOX 3 



wherein: 



10 X is selected from H; C,.6alkyl; hydroxyC,. 6 alkyl, C,. 6 alkoxyCi-6alkyl; C,. 
oalkylcarbonyl; hydn,xyC,. 6 alkylcarbonyl; C,-6alkoxyC,.6alkylcarbonyl; 
A is selected from phenyl, naphthyl or a 5-10 membered heterocyclic ring having upto 5 
heteroatoms selected from O, N and S; 

X 2 is selected from H; phenyl; phenylC^lkyl; a 5-6 membered heteroaryl ring containing 
1 5 upto 3 heteroatoms selected from O, N and S optionally linked to A by C , . 6 alkyl; and X 2 is 
optionally substituted on any ring by R" and/or R b as hereinabove defined; 
X is selected from H; C\ -6alkyl; 

X 4 is selected from C^lkylsulfanyl; C,_6alkylsu.finyl; C^lkylsulfonyl; carbamoyl- N- 
(C,-6alkyl)carbamoyl; N-(diC , .^IkyDcarbamoyl; and hydroxy or a C M alkyl ether thereof; 



20 

H 



<^r~ c "2— i— (ch 2) , 2 

H Formula IV 



(R 3 ) p 



wherein: 



WO 98/07692 



PCT/GB97/02212 



-12- 

X 5 is selected from C M alkyloxyC M alkyl; -C M alkylPh; -CO-Ci-4alkyl-Ph; -CO-C|-6alkyl; - 
CO-C]-4aIkyl -heteroaryl where heteroaryl is a 5-10 membered heteroaryl ring containing 
upto 5 heteroatoms selected from O, N and S and Ph or heteroaryl arc optionally substituted 
by R a and/or R b as hereinabove defined; 
5 Ci_4alkyloxyCi-4alkyl; 
A is naphthyl or a 10 membered heteroaryl ring having upto 5 heteroatoms selected from O, N 
andS; 

and p are as defined above; 




wherein: 

X 6 has any value defined for X 5 in ii) above; 

X 7 is Ph optionally substituted by R* and/or R b as hereinabove defined; 
A is Ph or naphthyl or a 5-10 membered heteroaryl ring having upto 5 heteroatoms selected 
15 from O, N and S: 

R 3 and p are as defined above; 

or a N-oxide, pharmaceutical ly acceptable salt, prodrug or solvate thereof . 

A preferred values for compounds of the formula III include, 
X 1 is selected from H and Ci-6alkoxyCi-6alkyl; 

y 

20 X is selected from H; phenyl and phenylCi-6alkyl; 
X 4 is Ci-6alkylsulfanyl; and 

A is selected from phenyl and naphthyl. 

4 4 
Other preferred values for X are -OMe and the lactone which can be formed when X is OH 

and X 3 is H. 

25 A preferred value for compounds of the formula IV is p is 0. 

Preferred values for compounds of the formula V include: 
7 

X is phenyl; 
A is phenyl; and 
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p isO. 

In another embodiment of the invention preferred values are set out below: 
In compounds of Formula III: X 1 is H or methoxyC | -4alkyl (especially H); X 2 is H, 
phenyl, benzyl, phenethyl. 4-mcthylphenethyI or 4-methylphenylacetylene (especially 
5 benzyl); X 3 is H or CMalkyl (especially H); X 4 is 
CMalkylsulfanyl (especially methylsulfanyl); and A is phenyl. When A is a 6-membered 
aiyl or heteroaryl ring then groups -NX 1 - and the substituent comprising X 4 are preferably in 
meta juxtaposition relative to each other; and X 2 , if present, is preferably positioned para 
relative to -NX 1 -. The chiral carbon to which -COOX 3 is attached is preferably in S 
10 configuration. The chiral carbons at the 2 and 3 positions of the pyrrolidine ring are 
preferably in R_configuration. 

In compounds of Formula IV: X 5 is pyridylmethylcarbonyl, thiazolylcarbonyl. I- 
oxoidopyridylcarbonyl, -CO-Ci.4alkyl (especially -CO-CH2-CHMe2) or -CH2-Ph-0-C | . 
4alkyl (especially -CH 2 -Ph-OMe); and A is phenyl or naphthyl and p is 0. The chiral carbons 
1 5 at the 2 and 3 positions of the pyrrolidine ring are preferably in R configuration. The 
attachment point for A relative to -(CH2)| ,2- is preferably at the 1 position of napththalene 
and the equivalent position for heterocyclic values for A (regardless of ring numbering 
conventions for heterocycles). A preferred value for -(CH 2 )i ,2- is -(CH2)2-. 

In compounds of Formula V: X 6 is pyridylmethylcarbonyl, thiazozolylcarbonyl, 1- 
20 oxidopyridylcarbonyl. -CO-Ci-salkyl (more preferably -CO-CH2-CHMe2 or -CO-CH 2 -/- 
butyl, especially -CO-CH 2 -CHMe2) or -CH 2 -Ph-0-Ci.4alkyl (especially -CH 2 -Ph-OMe); X' 
is phenyl; and A is phenyl or naphthyl (especially phenyl) and p is 0. The chiral carbons at the 
2 and 3 positions of the pyrrolidine ring are preferably in Reconfiguration. A preferred value 
for-(CH2)l,2- is -CH2-. 
25 It is to be understood that, insofar as certain of the compounds of Formula I defined 

above may exist in optically active or racemic forms by virtue of one or more asymmetric 
carbon atoms, the invention includes in its definition any such optically active or racemic 
form which possesses the property of inhibiting FTPase. The synthesis of optically active 
forms may be carried out by standard techniques of organic chemistry well known in the art, 
30 for example by synthesis from optically active starting materials or by resolution of a racemic 
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form. Similarly, inhibitory properties against FTPase may be evaluated using the standard 
laboratory techniques referred to hereinafter. 

Preferably substituents on the 2 and 3 positions of the pyrrolidine ring in 
compounds of the Formula 1 are in the cis configuration. 

5 

S-H 

N 'C1I 2 

i 

and/or h 

Another suitable configuration is the trans configuration. 

n 

N CH 3 

and/or h 

10 

According to another aspect of the present invention there is provided any one of the 
following individual compounds or a pharmaceutical ly acceptable salt thereof: 

(2S)-2-{2-benzyl-5-[(cis)-3»sulfanylpyrrolidin-2-ylmethylamino]-benzoylamino}-4- 
methylsulfanylbutyric acid methyl ester ; 
15 (2S)-2-{2-benzyl-5-[(cis)-3-sulfa^ 
methylsulfanylbutyric acid ; 
(2S)-2-({2-phenyl-5-[(cis)-3-sulfan^ 
methylsulfanylbutyric acid methyl ester; 

(2S)-2-({2-phcnyl-5-[(cis)-3-sulfanylpyrrolidin-2-ylmethylamino]-phenylcarto 
20 methylsulfanylbutyric acid; 

(2S>2-[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)amino]-naphthalene- 1 -carbonyl }-amino)-4- 
methylsulfanylbutyric acid methyl ester ; 

(2S)-2-({3-[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)amino]-naphthalene-l-carbonyl} 
methylsulfanylbutyric acid ; 
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CS)-2 W -ph*„ y |.5I<cis)-3^^^ 
methylsulfanylbutyric acid methyl ester; 

methylsulfanylbutyric acid; 
thiol ; 

N-(naphthalen-l-ylmethy.)-N- [( cis)-3-su«fany.p y rrolidin-2-y. m emyl)-^ 

^na P hthden-l.y, me thyl)-N- [ (cis)-3.sulfa„ylp yTO 

acetamide; 

acetamide ; 

15 ethyl)-acetamide; 

(cis)-2- {[ (2-(4-methoxypheny.)ethylH2-na P hth^en-,-y,e t hy.,a^ 
thiol; 

20 butyramidc; 

^M-U-Kcis^sulfanyl-py^ 
benzoylamino}-t-melhylsulfanyl-buiyric acid ; 

25 butyramide; 

(2SH-carbamoyl-2-( { 2-phenyl.5-[(cis)-3^ 
phenylcarbonyl } -amino)-butyric acid; 

(2SH-carbamoyi-2K{2-phenyi-5- [ (cis)0-suifanyl-pyrro 
phenylcarbonyl}-amino)-butyric acid methyl ester; 
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6-methoxy-l-oxido-N-(2>diphenyl-e^^ 

pyridine-3-carboxamidc; 

N-(naphthyl-l-yl-ethyl)^ 

6-melhoxy- 1 -oxido-N-(naphthyl- 1 -yl-cthyl)-N-(cis)-3-sulfanylpyrrolidin-2-ylmethyl)- 
5 pyridine-3-carboxamide: 
(2S)-2-{2-benzyl^L(cis)-3-sulfanyl-pyrrolidin-2-ylme% 
methylsulfanyl-butyric acid; 
(2S)-2-(2-methoxy-ethyI)0-^ 
and 

10 (2S)-2-{2-benzyl-5-[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)amino]-ben 

methylsulfanylbutyric acid; 
(2S)-2-{2-benzyM-[(cis-3-sulfanylpyrrolti^^ 
methylsulfanylbutyric acid; 

(2S)-2- {2-phenethyl-5-[( trans)-3-sulfanylpyrrolidin-2-ylmethylaminobenzoylamino}-4- 
15 methylsulfanylbutyric acid; 

(2S-2-{phenethyl-54(cis>3-sulf^ 
methylsulfanylbutyric acid; 

(2S>2-{2-benzyl-5-|(trans>3-sulfanylpyn-olidin-2-ylmethylaminoJ-te 
methylsulfanylbutyric acid; 
20 (2S^2-{2-(phenethyl-54(cis)0^ 
methylsulfanylbutyric acid; 

(2S)-2-{2-(4-methylphenylethynylM-^ 
benzoylamino}-4-methylsulfanylbutyric acid; 
(2S)-2-{2-benzyl-5-[(cis)-3-sulfanylpy^ 

25 methylsulfanylbutyric acid isopropyl ester; 

(2SV2-{2-benzyM-[(cis)-3-sulfanylpyrrolidin-2-ylmcthylaminol-benzoylamino}-4- 

methylsulfanylbutyric acid methyl ester; 
(2S)-2-{2-benzyl-4-[(trans)-3-^^^ 
methylsulfanylbutyric acid methyl ester; 
30 (2S)-2-{2-benzyl-5-[(trara)-3-su^ 
methylsulfanylbutyric acid methyl ester; 



WO 98/07692 

PCT/GB97/02212 

-17- 

(2S)-2- { 2-phenyJ-5- l(t rans)-3- SU ,f anyIpyiT0lidin . 2 

meChyJsulfanylbutyric acid me thyl ester; methylam ^^n Z oylam,no } -4. 
(2S)-2-{2-phenyl-5-i(cis)-3-sulfany|pyrrolidin-2 vim*.., , • , 

(cis)-2-[N-(thia2ol-5-yJcarbonyl)N-rn a Dhth ! » u, 
^y,a m , M)benzoylamilMM . mahyIsii| c 

SET 

yhnethylaminoJbenzoylamiiioJ^tHneUiylsulfanylbuly^acid 

^ f o I :^:^ : ^--- iS p^»y OMrf 

(2^,p W , ([2EJ ^ 

meftylsulfany,^ acid ^ ^ ^'^^l^y^inoM. 
(25M-{2-B eM yl.5.[ ( [ 2 R j 3 B) .3. su| ' . 

"■ahylsulfanylbwyric acid ; ^'^>™M-ben IW |« Bill0 ,. 4 _ 

an>ino)-4-melhylsulfanylbutyric 

acidmethvl y am,n °^ phenyIcarbon y'/- 
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(2S>2-({2-phenyl-5.l(l2E,3^^ 
amino)-4-methylsulfanylbutyricacid; 

(2S)-2K{34(f2R3Rl-3-sulfanylpyrrolidin-2-ylmethyl)-aminol-naphthalen^ 

amino)-4-methylsulfanylbutyric acid methyl ester ; 
5 (2^-2K{3-K[2RJE]-3-sulfanylpyrrolidin-2-ylmethylV^^ 
amino)-4-mcthylsulfanylbutyric acid ; 

(2S)-2K{-3i>henyl-5[([2R^ 
aminoH-methylsulfanylbutyric acid methyl ester; 

(2S)-2-({-3-phenyl-5[([2R3R>3^ 
10 aminoH-methylsulfanylbutyric acid; 
( 2S,3B)-2-[<N-(4-me^^ 
3-thiol ; 

NHnaphthalen-l-ylmethyl^^ 
N^naphthalen-l-ylmethyW^^ 
1 5 acetamide ; 

N-((2R,3R)-3-sulfanyl-pyrrolidin-2-ylmethyl)-3-methyl-N-(2-naphthalen-l-yl- 
ethyl)butyramide ; 

NK[2R3RJO-sdfanyl-pyrrolidin.2-ylmemyl)-^ 

acetamide ; 
20 (2R3R)-2-{[(3-M«hoxyp^^ 

^[2E,3El-3-sulfanyl.pyrrolidin-2-ylmethyl>2-(^^ 

ethyl)-acetamide ; 

pyrrolidine-3-thiol ; 
25 N-(2>Diphenyl<thyim-([2R,3E]-3-sulf^ 

N-([2R.3RJ-3-sulfanyl-pyrmndin.2-ylm e W 

butyramide ; 

N-(2>Diphenyl-emyl)-N^^^ 

butyramide ; 
30(2^-2-{3-[([2E,3E]-3-sulfanyl-pyrrolidin-2^ 

benzoylamino}-4-methylsulfanyl-butyric acid ; 
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phenylcarbonyi }-amino)-butyric acid; 
plienylcarbonyl}. ilm i n „). bulyricacid esler , 

acetamide; J ' 

10 pyndine-3-carboxamide; yuwmyij 
carboxamide; 

pyndme-3-carboxamide; y ' 

methylsulfanyl-butyric acid; and 



20 



-naphthoy]- 

piperazine. J 



farnesyl-protein transferase of the formula A: 



R 2 R3 

R 4< V 





25 wherein: 



X is O or H2; 
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n is 0 or 1 ; 
t is 1 to 4; 

R 2 \ R 3 \ R 4 , and R 5 are independently selected from: H; Ci^alkyL alkenyl alkynyl, aryl, 
heterocycle, -CO-NR 6 R 7 ' or -CO-OR 6 \ unsubstituted or substituted with one or more of: 
5 1 ) aryl or heterocycle, unsubstituted or substituted with: 

a. Ci-4alkyl, 

b. (CH2)tOR 6 \ 

c. (CH2)tNR 6 R 7 \ 

d. halogen, 



10 2) 


C3-6cycloalkyl. 


3) 


OR 6 ', 


4) 


SR 6 ', S(0)R 6 \ S02R 6 . 


5) 


-NR 6 V, 


6) 


-NR 6 '-CO-R r , 


15 7) 


-NR -CO-NR' R 6 , 


8) 


-0-CO-NR 6 R 7 \ 


9) 


-0-CO-OR 6 ', 


10) 


-0-NR 6 R 7 \ 


11) 


-S02NR 6, R 7 ', 


20 12) 


-NR 6 -S02-R 7 , 


13) 


-CO R 6 , or 


14) 


-CO-OR 6 '; 



and any two of R 2 \ R 3 \ R 4 , and R 5 are optionally attached to the same carbon atom; 
Y is aryl, heterocycle, unsubstituted or substituted with one or more of: 
25 1) C l -4alky 1, unsubstituted or substituted with: 

a. Ci-4alkoxy, 

£1 7' 

b. NR R' ' 

c. C3-6cycloalkyl, 

d. aryl or heterocycle, 
30 e. HO, 

2) aryl or heterocycle, 
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3) halogen, 

4) OR 6 ', 

5) NR 6 R 7 ', 

6) CN 

5 7) N0 2 ,or 
8) CF 3 ; 

R 6 , R 7 and R«' are independently seleeted from: H: C M a.kyl. C 3 . 6 cyc<oalky,, heteroeyc.e 

b) aryl or heterocycle, 

c ) halogen, 

d) HO, 

e) -CO-R 9 ', 
15 f) -S0 2 R 9 ',or 

g) NRR 1 , wherein 

6' 7' 
R^ and R may be joined in a ring, and 

R and R 8 may be joined in a ring; 
20 R isCi. 4 alkyloraralkyl; 

or a optical isomer, disulfide or pharmaceutical ly acceptable salt thereof. 
A preferred subclass of the formula A is: 




25 



me mb e red hce^, upl<> 3 toeroaloms ^ f rom N t o and S 0, of ,„e 
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formula -C M alkyl OR ,r wherein R'° is C M alkyl, phenyl or 5 or 6-membered hetcroaryl 
containing upto 3 hetcroatoms selected from R O and S. Preferably R ,D is C M alkyl. 
Preferably Y is naphthyl. 

The aspect of the invention relating to Formula A involves compounds related to those 
5 disclosed PCT patent application WO 95/00497 (Graham ct al); see the complete 
specification and claim 1 in particular. Formula A above is based on Formula A in WO 
95/00497 (Graham et al.) but with the 3-sulfanylpyrrolidine moiety of the present invention 
replacing the cysteine-like moiety on the left hand side of Formula A in WO 95/00497 
(Graham et al.)- Optionally the nitrogen and/or thiol atoms in the pyrrolidine moiety of 
10 Formula A may be substituted by taking the values for R 1 and R 2 in Formula I as set out 
herein. Compounds within the scope of Formula A may be prepared by a skilled person using 
the synthetic details in WO 95/00497 (Graham et al.) combined with the present specification. 
Preferred compounds for this aspect of the invention correspond to those set out in claims 6- 
12 of WO 95/00497 (Graham et al.) but with the 3-sulfanylpyrrolidin-2-yl-methyl moiety of 
1 5 the present invention replacing the HS-CH 2 -CH(NH 2 )-CH- moiety on the left hand side of 
the relevant compounds attached to the piperazine ring as drawn out in the claims. A 
preferred compound is (2S)-2-(2-methoxy.ethyl)-l-([2R,3R)-3-sulfanyl-pyrrolidin-2- 
ylmethyl)-4-naphthoyl-piperazine; see Example 7 herein. 

Compounds of Formula 1 and III-V may form salts which are within the ambit of 
20 the invention. Pharmaceutical^ acceptable salts are preferred although other salts may be 
useful in, for example, isolating or purifying compounds. 

When the compound contains a basic moiety it may form pharmaceutical^ 
acceptable salts with a variety of inorganic or organic acids, for example hydrochloric, 
hydrobromic, sulphuric, phosphoric, trifluoroacetic, citric or maleic acid. A suitable 
25 pharmaceutically-acceptable salt of the invention when the compound contains an acidic 
moiety is an alkali metal salt, for example a sodium or potassium salt, an alkaline earth metal 
salt, for example a calcium or magnesium salt, an ammonium salt or a salt with an organic 
base which affords a pharmaceutically-acceptable cation, for example a salt with 
methylamine, dimethylamine, trimethylamine, piperidine, morpholine or 
30 tris-(2-hydroxyethyl)amine. 
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p K jr' K ' CKmP " ^ a ' S0 fc - *»— - ™y be 

prepared by generally known methods. 

a) Mp of Pmdrpga. added by H. Bu„d,aard, (Elsevier. „ 85 , and Me,hods i„ 
, . 13-101 ta6n APP,,Ca,i °" ° f * «. Bundgaard 



P- 113-191 (1991); 

'0 c) H . Bundgaard, Advanced Drug Delivery Reviews, 8. 1-38 (.992)- 
H- Bundgaard, m Jouma] of Phannaceutica] ^ ^ 
N. Kakeva ✓>/ r-u^ n L . ^ .. 



d) 
e) 



N. Kakeya.«<,/.,chem Pharm Bull, 2.602 (1 984) 
F«*l. A "^Wrolv S ae,ee S1 e r „f aMmpolmdoflhefomiula(1)conKi . n * 

«« for cartoxy .nclode C^lxoxymemy, Klere „ examp|e P 

20 »3-dioxolen-2-onyImethyl esters for example 5-melhvl 1 \JV , , J, °»» a W. 
ealkoxycarbonyloxyerw ^ , """""•'•^'"""^-onylme.hyl; and C,. 

a,a„y carboxy aroup 7 '^"^'M I may be for m ed 

y carooxy group in the compounds of this invention. 

UeCOm ^'>f'''-"v«.Uo„maybei„aform sui ,ab,ef„r„ ra , use(for 

finely d,v,ded powder or a liquid aerosoO, for admims.raUon by insufflatio „ 
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(for example as a finely divided powder) or for parenteral administration (for example as a 
sterile aqueous or oily solution for intravenous, subcutaneous, intramuscular or intramuscular 
dosing or as a suppository for rectal dosing). 

The compositions of the invention may be obtained by conventional procedures 
5 using conventional pharmaceutical excipients. well known in the art. Thus, compositions 
intended for oral use may contain, for example, one or more colouring, sweetening, flavouring 

and/or preservative agents. 

Suitable pharmaceutically acceptable excipients for a tablet formulation include, tor 
example, inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium 
10 carbonate, granulating and disintegrating agents such as corn starch or algenic acid; binding 
agents such as starch; lubricating agents such as magnesium stearate, stearic acid or talc; 
preservative agents such as ethyl or propyl p-hydroxybenzoate. and anti-oxidants, such as 
ascorbic acid. Tablet formulations may be uncoated or coated either to modify their 
disintegration and the subsequent absorption of the active ingredient within the 
15 gastrointestinal tract, or to improve their stability and/or appearance, in either case, using 
conventional coating agents and procedures well known in the art. 

Compositions for oral use may be in the form of hard gelatin capsules in which the 
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium 
phosphate or kaolin, or as soft gelatin capsules in which the active ingredient is mixed with 
20 water or an oil such as peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions generally contain the active ingredient in finely powdered 
form together with one or more suspending agents, such as sodium carboxymethylcellulose, 
methylcellulose, hydroxypropylmethylcellulose. sodium alginate, polyvinyl-pyrrolidone, gum 
tragacanth and gum acacia; dispersing or wetting agents such as lecithin or condensation 
25 products of an alkylene oxide with fatty acids (for example polyoxethylene stearate), or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 
30 heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
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condensation produce of ed,y,e„e oxide with partial esters derived from fatty acids „„ 
hex„„, hydrides, fa example polyethylene „«. monooleal , The aqiK01B ^ 
may also contain „ ne „ r more preservativcs (such „ ^ ^ ^ ^ 

oxtdants (such as ascorbic acid), colouring agents, flavouring agems. and/or sweetening 
5 ageras (such as sucrose, saccharine or aspartame). 

Oily suspensions may be formulated by suspending the ac,ive ingredient in a 
vegetable oi, (such as arachis oil. olive oil. sesame oi, or coconut oil, or i„ . railKral oil (suc „ 
as l„u,d pa^flin, The oil, suspensions may also contain a thickening agent such « 
beeswa,ham paraffin orcety, alcohol. Sweetening agents such as those set out above, and 

may be preserved by (he addition of an anti-oxidanl such as ascorbic acid 

by the addthon of water genemHy contain the acuve .ngredien, together with a dispersing „ r 
wetttng .genu suspending agent and one „, more preservatives. Suitable dispersing „, 
wetting agents and suspending agents are exemplified by those already mentioned above 
Addtttona, excipients such as sweetening, fl avourinE Md 
present. 

Tne pharmaceutical composition of me invention may a | M be in lhe [om of 
otl-m-wator emulsions. The oily phase may be.vegetable oil, such as olive oi, or arachis oi, 
orammera.oU.suchasforexamp.ehiuidpamfflnoramix.ureofanyofmese. Suitable ' 
emulsifyingagentsmay be. for example, natorafly-occutring gums such asgum acacia or gum 
hagacanth, natumlly-ocounrng phosphatides such as soya bean, lecithin, an estet, or partial 
asters derived from fatty acids and nexito, anhydrides (for examp,e sort™ m o„„o,ea,e) and 
condensanon produce of the said partial cste. with ethylene oxide such as polyoxyethyfcne 
25 sorbnanmonooleatc. TTte amukions may also contain swecemng. flavouring and 
preservative agents. 

Syrups and elixirs may be formulated with sweetening agents such as glycerol 
propylene glycol, sorbitol, aspartame or sucrose, and may also contain a demulcent 
preservative, flavouring and/or colouring agent. 
30 The pharmaceutical compositions may also be in the form of a sterile injectable 

aqueous or oily suspension, which may be formulated according to known procedures using 
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one or more of the appropriate dispersing or wetting agents and suspending agents, which 
have been mentioned above. A sterile injectable preparation may also be a sterile injectable 
solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for example a 
solution in 1 ,3-butanediol. 

5 Suppository formulations may be prepared by mixing the active ingredient with a 

suitable non-irritating excipient which is solid at ordinary temperatures but liquid at the rectal 
temperature and will therefore melt in the rectum to release the drug. Suitable excipients 
include, for example, cocoa butter and polyethylene glycols. 

Topical formulations, such as creams, ointments, gels and aqueous or oily solutions 

10 or suspensions, may generally be obtained by formulating an active ingredient with a 
conventional, topically acceptable, vehicle or diluent using conventional procedure well 
known in the art. 

Compositions for administration by insufflation may be in the form of a finely 
divided powder containing particles of average diameter of, for example, 30^ or much less, 
15 the powder itself comprising either active ingredient alone or diluted with one or more 
physiologically acceptable carriers such as lactose. The powder for insufflation is then 
conveniently retained in a capsule containing, for example, 1 to 50mg of active ingredient for 
use with a turbo-inhaler device, such as is used for insufflation of the known agent sodium 
cromoglycate. 

20 Compositions for administration by inhalation may be in the form of a conventional 

pressurised aerosol arranged to dispense the active ingredient either as an aerosol containing 
finely divided solid or liquid droplets. Conventional aerosol propellants such as volatile 
fluorinated hydrocarbons or hydrocarbons may be used and the aerosol device is conveniently 
arranged to dispense a metered quantity of active ingredient. 

25 For further information on Formulation the reader is referred to Chapter 25.2 in 

Volume 5 of Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial 
Board), Pergamon Press 1990. 

The amount of active ingredient that is combined with one or more excipients to 
produce a single dosage form will necessarily vary depending upon the host treated and the 

30 particular route of administration. For example, a formulation intended for oral 

administration to humans will generally contain, for example, from 0.5 mg to 2 g of active 
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agent compounded with an appropriate and convenienl raoum „ f ^ 
from abou, 5 to abou, ,8 perc*,, by weigh. „f 1|K l0 ,a, composition ^ _ ^ 
eenerally -main ab„ ul , mg 10 abou| m mg „ f ,„ ^ ^ ^ 

on Routes of A dmi„i s ,m, ion ^ ^ Reg , mes fc ^ . s refeTOi w ^ ^ ^ 

Vol™ 5 of Comprehensive Medicinal Chemishy (Corwin Hansch: Chairman „f Editorial 
board), Pergamon Press 1990. 

The si* „f ,he dose for .herapeudc o, prophylacic purposes of a compound of 
une Fonrnda , nalu , allv vaiy „ fc „ Mllreandseverityof 

-0 It ^ OT " " r0UK — ■ — « - -I known 

■0 pnnc. pl eaof,ned,c,ne. Asrr,„ 1 i M cdacove.c„r„poc 1 „ds„f,he F() rr„ u ,a larclKeful ,„ 

treanng diseases or medical conditions „„ icn are due ^ , ,„ ^ B fc 
farnesylation ofras. 

win . ,,'77 " COmP ° U " d ° f ^ FOrmU ' a ' f ° r l>m <* aic « P-P— i- 

, 5 I?r Vte ^ iniSKredSOtha ' ad * d - i " 1, ''^-^-amp,e.0,m e ,o7 5 m e 
^ ^ Wei8h ' " ~** *- '» <«vided doses. ,„ genem, iower doses wm 

be .dmrnrsrered wben a parent, routo is employed. Thus, for examp,e. for intravenous 
admmishaUon, a dose in me ra^e. for examp,e, 0.5 m 8 to 30 mg per k g body weigh, 
generally be used. Similariy, f„ r adminis.rn.ion by i„hala,i„„. a dose in .he range for 
20 ^°- 5m8,025m6Perk ^' i ^*.w i ,, b e US ed. M administm.ion is ^ 

Compounds of mis invemion raay bo usaful „ combiraUon ^ ^ m 
-d cytotoxic agen,, ,f fomulated „ . fixed dMe ^ ^ ^ 
compounds of .his invemion „ ilhi „ fc dosage ^ desc ^ ^ fc ^ 
Phannaeeu.icaUyaeUveagen.wi.hinte approved dosage mnge. Sequent use is 
25 con.empla.ed when a eombinadon fomutaMon is inappropriatt. 

Acting .„ anomer aspec. of me invendon there is provided , 
I, or a Pharmaeeu.ically.accepu.ble sal. .hereof for use M . maUcanKm 

Acting to corner nspec. of me invention mem is ^ . compou „ d rf Fom 

.or.pha^aceuucal.y-ac^ublesahmereof.foruseinprepamdonofamedieamen.for 
u-eaonen. of a disease mediated thmugh fan.esyla.ion of ras. 
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According to another aspect of the present invention there is provided a method 
of treating ras mediated diseases, especially cancer, by administering an effective amount of a 
compound of Formula I, or a pharmaceutically-acceptable salt thereof, to a mammal in need 
of such treatment. 

5 Diseases or medical conditions may be mediated alone or in part by farnesylated 

ras. A particular disease of interest is cancer. Specific cancers of interest include: 

- carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, ovary, 
pancreas, stomach, cervix, thyroid and skin; 

• hematopoietic tumors of lymphoid lineage, including acute lymphocytic 
10 leukemia, B-cell lymphoma and Burketts lymphoma; 

- hematopoietic tumors of myeloid lineage, including acute and chronic 
myelogenous leukemias and promyelocytic leukemia; 

- tumors of mesenchymal origin, including fibrosarcoma and rhabdomyosarcoma; 

and 

1 5 - other tumors, including melanoma, seminoma, tetratocarcinoma, neuroblastoma 

and glioma. 

The compounds of Formula 1 are especially useful in treatment of tumors having a 
high incidence of ras mutation, such as colon, lung, and pancreatic tumors. By the 
administration of a composition having one (or a combination) of the compounds of this 
20 invention, development of tumors in a mammalian host is reduced. 

Compounds of Formula 1 may also be useful in the treatment of diseases other than 
cancer that may be associated with signal transduction pathways operating through Ras, e.g., 
neurofibromatosis. 

Compounds of Formula 1 may also be useful in the treatment of diseases 
25 associated with CAAX-containing proteins other than Ras (e.g., nuclear lamins and 
transducin) that are also post-translationally modified by the enzyme farnesyl protein 
transferase. 

Although the compounds of the Formula I are primarily of value as therapeutic agents 
for use in warm-blooded animals (including man), they are also useful whenever it is required 
30 to inhibit the effects of activation of ras by famesylation. Thus, they are useful as 



WO 98/07692 

PCT/GB97/02212 

-29- 

pharmacological standards for use in the dev e lnn m< .„, r 

search for n™ u , deve l0P«nent of new biological tests and in the 

search for new pharmacological agents. 

According to another aspect of the invent,on there is provided a r 
compounds Formula I a, defined above which PreP3rin8 
5 Formula V,- depr ° teCt,n * a com P°-<i of 




Formula Vf 



8 

Compounds outside the scoDe ofPnrm„i t u . 
-i-Mta. ,„ ca*ape„ero side ^ k "°™ 

1 47-59; European patent application EP SQojhk (7 

ep 592, 6 7 s rr * ■* Europea " paKM 

■ o' IMneca. Siret); European patera application EP5658« ,7 
« *0; Intentationa, pattn, ap p lica , io „ wo 92/| * " 562855 *■! 
„/.. p 80 < In, P«nal Chemical Industries- Beti* „/ 

20 1 7" WliCati °" EP 508682 ' = B- 

20 e/ a/); European Patent Application EP 280771 ^p, •• 

V (imperial Chemical Industries; Belts et at) 
A compound of the invention or a salt thor^e i_ 
»-» .o be appiieabie ,o roe p re pa ralion 0 c ^ , T ^ * "» P ^ S 

— . sucbproeeaaeali t~ SOrSmC,Ura " yre,a,ed 

examnUc «f ^protected using conventional methods. For 

examples of protecting groups such as amino and carboxylic acid orotecf 

as means of formation and eventual depletion) see T 7 W ^ ^ 

p vncmon;, see J . w. Greene and P.G.M Wuts, 
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"Protective Groups in Organic Synthesis", Second Edition. John Wiley & Sons, New York. 
1991 . Note abbreviations used have been listed immediately before the Examples below. 

Protecting groups may be removed by any convenient method as described in the 
literature or known to the skilled chemist as appropriate for the removal of the protecting 
5 group in question, such methods being chosen so as to effect removal of the protecting group 
with minimum disturbance of groups elsewhere in the molecule. 

Specific examples of protecting groups are given below for the sake of convenience, 
in which "lower" signifies that the group to which it is applied preferably has I -4 carbon 
atoms. It will be understood that these examples are not exhaustive. Where specific examples 
10 of methods for the removal of protecting groups are given below these arc similarly not 
exhaustive. The use of protecting groups and methods of deprotection not specifically 
mentioned is of course within the scope of the invention. 

A carboxy protecting group may be the residue of an ester-forming aliphatic or 
araliphatic alcohol or of an ester-forming silanol (the said alcohol or silanol preferably 
15 containing 1-20 carbon atoms). 

Examples of carboxy protecting groups include straight or branched chain 
(l-12C)alkyl groups (e.g. isopropyl, t-butyl); lower alkoxy lower alkyl groups (e.g. 
methoxymethyl. ethoxymethyl, isobutoxy methyl; lower aliphatic acyloxy lower alkyl groups, 
(e.g. acetoxymethyl, propionyloxymethyl, butyryloxymethyl, pivaloyloxymethyl); lower 
20 alkoxycarbonyloxy lower alkyl groups (e.g. l-methoxycarbonyloxyethyl. 

lHJthoxycarbonyloxyethyl); aryl lower alkyl groups (e.g. E-methoxybenzyl, o-nitrobenzyl. 
E -nitrobenzyl, benzhydryl and phthalidyl); tri(lower alkyl)silyl groups (e.g. trimethylsilyl and 
t-butyldimethytsilyl); tri(lower alkyl)silyl lower alkyl groups (e.g. trimethylsilylethyl); and 
(2-6C)alkenyl groups (e.g. allyl and vinylethyl). 
25 Methods particularly appropriate for the removal of carboxyl protecting groups 

include for example acid-, metal- or enzymically-catalysed hydrolysis. 

Examples of hydroxy protecting groups include lower alkenyl groups (e.g. allyl); 
lower alkanoyl groups (e.g. acetyl); lower alkoxycarbonyl groups (e.g. t-butoxycarbonyl); 
lower alkenyloxycarbonyl groups (e.g. allyloxycarbonyl); aryl lower alkoxycarbonyl groups 
30 (e.g. benzoyloxycarbonyl, E -methoxybenzyloxycarbonyl, o-nitrobenzyloxycarbonyl, 
E -nitrobenzyloxycarbonyl); tri lower alkyl/arylsilyl groups (e.g. trimethylsilyl, 
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ln a ^lo«ralkyl grou p s(e . g .„ ipheny|m<!lhyI) P ' and 

Example* of amino poking ^ hdrtta^.^ 
-d be„ zyl . , s . ^ox^,. „ ilrobenzy| Md 2 . Wimelhox ^, J' 

tt-Mk .owe, alken^cartxmy, (e . g . a „ yloxycarbony , ); |ower 8 - 
alkox y carb„„ y , groups ( , g . ^ mMIyben2y|ox 

10 ia " Iy '' dene ' e ' 8 ' fettylidene); benzylidene and substituted beL y lidenc 

for examplc^a^d^ ^PPt^Ptrate for removal of hydrox y and amino protecting groups include. 
^ exampte. ac,d, ease, meta, or en^micaUy-cataiyaed hydrolysi, orpho,„,v,.cal ly fee 
groups such as s-nitro^lox^,, or with fluoride ,„„ s for silyI ^ 

15 mem kT" " ^ W '"** ** *~ ** «•* ben,,., p. 

lower ^ox^l ,e, t er,-bu,ox y carb„ ny , ); fen^ca^ ^ 

^^^"^^^amidegmupaincludearaiKox^Ueg 
20 ST!T ^ ^ * *™ -dx-x me%, and 

- (e.g. .-^dimem^^; 

^,d.ph«„ yls d y ,ox y mem y „; 4-alkox^n,, (e . g . 4-memox^,, 2 4 . 

'** 2 '^°« (e. g . a-metbox^l, 2 4 . 

2-phenyIvinyl). 

Amlkoxymethy, g roups may be introduced „„,„ me amide grou p b y react™ ,be 
Mro.enauon. A ,kox y me my l. « ^ W ^ « J 

case of tbc Sllyl co„ a ,„,„ g group , fl,^ io „, ne ^ ^ 
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groups are conveniently introduced by arylation or alkylation with an appropriate halide and 
removed by oxidation with eerie ammonium nitrate. Finally alk-l-enyl groups may be 
introduced by reacting the amide with the appropriate aldehyde and removed with acid. 

Compounds of Formula 1 in which L represents -CO-NR 16 - may be prepared by 
5 forming an amide bond between compounds 1 and 2 as outlined in Scheme 1. Compounds of 
Formula 1 in which L represents -CO-NR'6-T- may be prepared by an analogous procedure. 
Suitable coupling conditions include the following. 

i) Use of EEDQ at ambient temperature in an organic solvent (e.g. 

dichloromethane, methanol). 
1 0 ii) Use of oxalyl chloride in an organic solvent (e.g. CH 2 CI 2 ), DMF in a catalytic 

amount, in the presence of an organic base (e.g. NMM. tricthylamine. DMAP) at 0°C to 
ambient temperature for 0.5- 16h. 

iii) Use of EDC/ HOBT in an organic solvent (e.g. DMF, CH2CI2). 

iv) Use of DCC1/ HOBT in an organic solvent (e.g. DMF, CH 2 Cl2> in the presence 
15 of an organic base (e.g. triethylamine). 

v) Use of mixed anhydride reactions under standard conditions, for example 
isopropylchloroformate in an organic solvent (e.g. DMF, DMA, dichloromethane) in the 
presence of an organic base (e.g. NMM, DMAP, triethylamine). 

vi) Via an active ester under standard conditions e.g. pentafluorophenyl ester in an 
20 organic solvent (e.g. dichloromethane) in the presence of an organic base (e.g. triethylamine). 

vii) Via an acid chloride under standard conditions e.g. using thionyl chloride and 
heat for about 150min followed by an organic base (e.g. triethylamine) in the presence of an 
organic solvent (e.g. acetonitrile). 

Compounds of Formula I in which L represents -CH 2 NR -CH 2 0- or -CH 2 S- 
25 may be prepared as outlined in Scheme 2. LG represents a leaving group (e.g. mesyloxy, 
tosyloxy, halogen) and X represents S, O or NR 16 Suitable coupling conditions include the 
following. 

i) Use of an inorganic base (e.g. NaHC0 3 , NaH, K 2 C0 3 , butyllithium) in an 

organic solvent (e.g. THF, DMF, DMSO) and a temperature of about 65° to 1 50°C 
30 ii) Use of an organic base (e.g. triethylamine. DMAP) in an organic solvent (e.g. 

THF, dichloromethane, DMA. DMF) at a temperature range of room temperature -1 50°C 
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■> U "° fMi " 0 ^ b -^.K0M.NaOH. K2 CO 3 ,i„a„ aqU e„ lls(eBvra , eI) 
- - solvents (e.g. dichlo^e, in . 2 ^ ^ 

aphasc, ra „sferca U i y s l( c. 8 .,e lra bu, y l ammoniurabromjde) thepresenccof 
Compounds of Formula I in which L represents -CH=TR» 

5 -"^Win.greacmuasoudinedinschoma, SuLT -"^''^ 
following. rcaC "° n condili °" s *e 

') Use of a base (e.g. po^ ^ 

---- rrrrrr--. — 

i.4JJ0,13-pcntaoxacyclopemadecane( also called 15-Crown-5) or 
1.4.7,10.13J6-hexaoxacyclooc to decane ( also called 18-Crown-6). 

Compounds of Formula I in which L represents CH. MP 16 

15 conditions include Ihe following. coupling 

di is h , I* ° f 3 redUCi " 8 ^ "- 6 - NlCNBH3 - BH 3- I*" catalyst LiHBEt, 

-^-^ lilhium ^ hydrjde > the 

presence ofa suitable solvent e.g. ethanol artd acedc acid ' ^'"^ 

Aldehyde (2) may also be prepared by reduction of ,h 

C ~ * ^rmula I in which L represents -CH 2 _NP,, T , . C h 2 0 -T- or 
CH 2 .S-T- may be prepared as outlined in Scheme 5 in which I C 

30 (e.g. mesyloxy, tosyloxy haloeen. and V rePreSemS 3 8r0U P 

yloxy, halogen) and X represents O, S or NR» Suitable coupling 
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conditions are as outlined above in relation to Scheme 2. Optionally the positions of LG and 
XH in compounds 1 & 2 in Scheme 5 can be reversed to give the same end product. 

Compounds of Formula 1 in which L represents -CH 2 .NR ,6 -S0 2 . may be 
prepared as outlined in Scheme 6. Compounds 1 & 2 may be coupled under standard 
5 conditions such as the following. 

i) Use of an organic base (e.g. di-isopropyl-ethylamine. triethylamine, 
4-methyl-morpholine) in the presence of an organic solvent (e.g. dichloromethane) at a 
temperature range of 0°" 40°C 

ii) Use of an inorganic base (e.g. potassium carbonate) in the presence of an organic 
10 solvent (e.g. DMF) at a temperature range of 0°-l 50°C 

Compounds of Formula 1 in which L represents -CH 2 .NR"-CO-T- may be 
prepared as outlined in Scheme 7. Compounds 1 & 2 may be coupled under standard 
conditions such as described above for L = -CO-NR - . 

Compounds of Formula 1 in which L represents -CH 2 -CHR 16 - may be prepared 
1 5 by reduction of compounds of the type set out as compound 3 in Scheme 3. Reduction is 
carried out under standard conditions with standard reagents for example using 
hydrogenation in the presence of a catalyst such as palladium on charcoal at ambient 
temperature. 

Compounds of the formula 1 in which L represents -CH,NR'\ -CONR", 
20 CH 2 N(R I6 >T- or -CH 2 N(R ,6 )COT- wherein R' 6 is not hydrogen, may be prepared from the 
appropriate compound of the formula I wherein R' 6 is hydrogen by introducing the 
appropriate R' 6 by acylation, alkylation etc. For example, by using similar methods to those 
disclosed in the specific examples. 
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Scheme 2 
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Scheme 3 




WO 98/07692 



-38- 



PCT/GB97/02212 



Scheme 4 

R 2 

\ 

S 



2 



3 




WO 98/07692 



-39- 



PCT/GB97/02212 



Scheme 5 
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Scheme 6 
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5 «■ „ r i<>8iCa ' aC,i ™ y """" " f0 " 0WS ' ^ — ~ (FPT, w* 

z£Tr <nmm * ' m) anion *— — »v - 

described by Ray and Lopez-Belmonce fRav K P ,„h i ~ D , 

Socie,y T^oa, „ 4 * 497) " ^ > 0 W> Biochennea, 

Hons 22 494-497). TV subsllate for FpT ^ ^ 

zr , ; DNA for ~ van2 vaii ™ ° f h - « « -1- 

P^d pSW, ,., (ATCC , ™ s . ^ subc|Med inR> , he 
suitable expression vector e.g nIC 147 ThoVr** L • 

BL21. The expression 'd ,- eXPreSSi ° n h **" E «« 

»«.. , . ^ mdPU " f " :a,,0 " 0fc - K, ™- 2 «^*evan2variami„E 
col, has also been reported by Lowe eta] (Lowe PNetal. 

15 J. Biol. Chem. (1991)266 1672-1678). 

Incabanons wid, en*y„,e co„ [ai „ed 30 o„M Wared farnesy, pyrophosphae 

~ flu C ~ "* " ~ — la 

MSO (3/. fa, concentrallon ,„ lcs , a „ d vehWe ^ incubations ^ ^ 
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at 37 0 and were stopped with acid ethanol as described by Pompliano et al. (Pompliano D L 
et al (1992) 31 3800-3807). Precipitated protein was then collected onto glass fibre filter mats 
(B) using a Tomtec® cell harvester and tritiated label was measured in a Wallac®1204 
Betaplate scintillation counter. 

5 Although the pharmacological properties of the compounds of the Formula 1 vary 

with structural change as expected, in general compounds of the Formula I possess an IC50 in 
the above test in the range, for example, 0.001 to 200^M. Thus by way of example the 
compound of Example 2 herein has an IC50 of approximately 0A2\iM. 
No physiologically unacceptable toxicity was observed at the effective dose for compounds 

10 tested of the present invention. 

The invention will now be illustrated in the following non-limiting Examples in 

which, unless otherwise stated:- 

(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids by filtration; 
1 5 (ii) operations were carried out at ambient temperature, that is in the range 

18-25°C and under an atmosphere of an inert gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure 
liquid chromatography (MPLC) were performed on Merck Kieselgel silica (Art. 9385) or 
Merck Lichroprep RP-18 (Art. 9303) reversed-phase silica obtained from E. Merck, 

2< Darmstadt, Germany; 

(iv) yields are given for illustration only and are not necessarily the maximum 

attainable; 

(v) the end-products of the Formula I have satisfactory microanalyses and their 
structures were confirmed by nuclear magnetic resonance (NMR) and mass spectral 

25 techniques; chemical shift values were measured on the delta scale; the following 

abbreviations have been used: s, singlet; d, doublet; t or tr, triplet; m, multiplet; br, broad; 

(vi) intermediates were not generally fully characterised and purity was assessed 
by thin layer chromatographic, infra-red (IR) or NMR analysis; 

(vii) the following abbreviations have been used:- 

30 
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BOC tert-butoxycarbonyl 

DCCI 1.3-dicyclohexylcarbodiimide 

DMA N,N-dimethylacetamide 

DMAP 4-dimethyl-aminopyridine 

5 DMF N,N-di me thylformamide 

DMSO dimethylsulfoxide 

EDC 1 -(3-dimethylaminopropyl)-3-ethyl-carbodiimid e 

EEDQ 2-ethoxy-l -ethoxycarbonyl- 1 ,2-dihydroquinoline 

HOBT 1-hydroxybenzotriazole 

> NMM N-methylmorphoiine 

NMM-0 4-methylmorpholine-N-oxide 

TFA trifluoroacetic acid 

THF tetrahydrofuran 

TMSI trimethylsilyliodide 

TPAP tetrapropylammonium perruthenate 

Note in the Schemes only those hydrogen atoms though, to assist clarity have 
been .llustrated (ie not all hydrogen atoms have been illustrated). 



WO 98/07692 



-44- 



PCT/GB97/02212 



Example 1 

3-methyl-N-(2,2-diphen^ 
(compound 14a) 

S-H 

cU 

N N 

X 

5 1. A solution of starting material 3-methyl-N-(2,2-diphenyl-ethyl)-N-((cis)- 1 -BOC-3- 
tritylsulfanyl-pyrrolidin-2-ylmethyl)butyramide (compound 12a. 0.265g), triethylsilane (0.25 
ml) in dichloromethane(2 ml) was treated with trifluoroacetic acid(16 ml) and the mixture 
stirred under an argon atmosphere for 30 minutes at ambient temperature and then evaporated 
under reduced pressure to remove most of the solvents. The residue was taken up in ethyl 
10 acetate(2 ml) and treated with 1 .0M ethereal HC1. The ethyl acetate was evaporated away and 
diethyl cther(5 ml) and iso-hexane(20ml) were added . The gummy solid obtained gradually 
solidified and was isolated on a centrifuge, washed with more ether(5 ml)/iso-hexane(20 ml) 
and dried under high-vacuum to give the title compound as a white solid(0. 125g). 
NMR (CDC1 3 )6: 0.80-0.95(m.6H), 1.85-2.5<Xm,6H), 3.00-3.1 5(m,lH), 3.30-3.60(m,3H), 
15 3.75-4.30(m,4H), 7.20-7.40(m,10H), 7.60(br.s.lH), 8.67(br.s,lH). 1 1 .20(br.s,lH) 
Micro Analysis %Thcory C65.2, H7.89, N6. 19. 

(1 .0 HCK0.5 H 2 O,0.14Ethyl ether) %Found C65.2, H8.00, N6.0 

The starting material was prepared as follows. 
2. 3-Tritylsulfanyl-pyrrolidine-2-carboxylic acid (compound 4) was prepared from 

20 methyl 3-bromo-l-pyrrolin-2-carboxylate (compound 1) by the route described in Liebigs 
Ann. Chem. 1981, 1073-1088. In brief, the methyl ester of the 2-carboxylate group of 
compound 1 was converted to the sodium salt of the carboxylic acid using aqueous sodium 
hydroxide solution at 0-5°; the sodium 3-bromo dihydropyrrole was then converted to sodium 
3-tritylsulfanyl-l-pyrrolin-2-carboxylate using triphenylmethylmercaptan in the presence of 
25 DME and aqueous sodium hydroxide solution at 0-5°C; then compound (4) was formed by 
using sodium borohydride and the pH adjusted to 5-6 with 1 M HC1. 
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Di-tert,but y I dicarbonate (0.24g) was added to a stint* mixture of compound (4) 
(0.39 g ) and tneth y lamine(0.3 1 ml) in dich.oromethanc(3 ml) cooled to 0" C under an argon 
atmosphere. The mixture was allowed to warm up to ambient temperature and stirred f or 60 h 
I« was then washed with 1 .0M aqueous citric acid, brine and dried . The solvent was 
5 evaporated under reduced pressure to give l-BOC-3-tri,v,su I fan y .-p yrro ,idine-2-carbox y ,ic 
acid (5) as a solid foam (0.446g). 

3- A mixture of 1 -h y drox y benzotriazole (0.142g), EDC(0 192g) 

4- methylmorpho.ine (0.24ml) and compound 5 (0.446g) in dichloromethane (10 ml) was 
snrredatS C for 20 minutes and then for , 6 , at amhient temperature, fhe mixture was 
then washed with KOMaqueous citric acid and brine, dried and the soivent evaporated under 
reduce pressure. The product was purified b y column chromatog raphy eluting with ethyl 
acetateAso-hexane(15:85) to give 1-(l-BOC-3-tnt y l S ulfan y l-p yrro ,idi n -2- 
carbonyDbenzotriazole (compound 6) as a solid foam(0 193g) 

1 5 T^^fii^'^ ^ ' 4 ^ + ' ^ S%S '^' ^' 1 7 "^- 4t H m '2H), 3.08-3.27(m,2H), 3.50-3.72(m,2H) 
15 '•2|.7.61(m,18H),g.02(dd,lH) 

4. A mixture of compound 6 <0.087g), M,Q-dime,hylhydroxylami„e HCI ,0.028g) and 4- 

2Th '^ no ^ idinc,o • 0398, in di * ,i>ro ~ -o - — - -*« KmPmm 

for 1« h. More EfJ-dim.-hyihydroxy^in^eg) and DMA W .07 8g > were added and ,hc 
s^wasco™,^^^,^ Thereactionwasflltemdandtheflltmte applicd 
20 dtrectly ,„ . chromatography column which was e,u,ed with erhy, acetote/iso-hexanef I 5 85, 
togtvefcis, '•BOC.3^ ty latofto,yU IJ .m^ y .^ ylp ^ lid ^ 2 ^ ! ^. (te 
(compound 8) ■ a white solid (0.06g). fNoto the lrara stereoisomer was ato ^ 

compound 7, and is „la,ad hy column chromatography. TV trans isomer was e,u,ed from ,he 
column after the cis. 

25 NMRfC^.,0.,,^,^ ,,*,,„,,,„, l .95- 2 ,5 ( m,,„,,, 8 „.05 ( m, 2 „ ) 
j ^ ! " W - 5 « ™+W.m 4. 8 0,, 5( m, IH) , 7,5-,,0 (1 ,,5H, 
5. A soiunon of m ium aiumwun, hydrtde ,7.0m!) in died™, e,hert..0M , was added ' 
drowse l0mimMs tQ , ^ ^ of ^ s ^ ^ e) ^ THF(j5 

. -IO C under an argon atmosphere. After , he addi„o„ was compile rhe reaction was 
30 allowed towarm ,o + 5°Cf„r, 0minu.es and then cooled to -35" C. A solution of potassium 
bis U lphate(1.72gi„6mlwater)wa s carefullv»H^ a... °n ot polusstum 

aier, was carefully added and the mixture was then allowed to 
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warm to ambient temperature and stirred for a further lh. It was then filtered through 
diatomaceous earth (Celite™) and the filtrate diluted with diethyl ether (50 ml). The organic 
solution was washed with 10% aqueous citric acid, saturated aqueous sodium bicarbonate, 
brine, dried and the solvent removed under reduced pressure to give (cis)-l-BOC-3- 
5 tritylsulfanyl-pyrrolidin-2-carbaldehyde (compound 9) as a solid foam (3.04g). 
NMR (CDCI 3 ) 8:1. 32+1. 37(s,s,9H), 1.65-2.05(m.2H), 3.00-3.70(m,4H). 7.20-7.53<m,15H). 
9.42+9.54(s,s,lH) 

6. Compound 9 (0.5 g) in dichloromethane(5 ml) was added to a stirred mixture of 2.2- 
diphenylethylamine(0.25 g), powdered 4 A molecular sieved .0 g) and sodium triacetoxy 

10 borohydride(0.27 g) in dichloromethane(20 ml) cooled to -20 °C under an argon atmosphere. 
The reaction mixture was then allowed to warm to ambient temperature and stirred for another 
18h. The mixture was filtered through diatomaceous earth and the filtrate washed with 
saturated aqueous sodium bicarbonate solution and brine. The organic solution was dried and 
then the solvent evaporated under reduced pressure. The residue was purified by column 

15 chromatography on silica eluting with ethyl acetate/iso-hexane(20:80). followed by (30:70) to 
give (cis)- 1 -BOC- N-(2.2-dipheny lethyl)-3-tritylsulfanyl-pyrrolidin-2-yl-methylaminc 
(compound 10) as a foam(0.547 g). 

NMR (CDClj) 6: 1 .32+ 1 .35(s,s,9H), 1 .70- 1 .95(m,2H), 2.50-3.55(m.8H). 4.05-4. 1 8(m.l 1 1), 
7.10-7.48(m,25H) 

20 7. A mixture of iso-valeryl chloride (0.05 ml), compound 1 0 (0.25 g) and 

triethylamine(0.1 1 ml) in dichloromethane( 1 0 ml) was stirred at ambient temperature under an 
argon atmosphere for 3h. The reaction was applied directly to a silica chromatography column 
which was eluted with ethyl acetate/iso-hexane(15:85), followed by (17:83), then (20:80) to 
give the desired starting material (compound 12a) as a white solid (0.292 g). 

25 NMR(CDCI 3 )o:0.60+0.70+0.82(d,dd,d,6H), 1.05-1.25(m,lH), 1. 30+1. 33+1. 36(s,s,s, 9H), 
1.55-4.45(m, 13H), 7.05-7.50(m f 25H) 



30 
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Example 2 
(compound 14(b)) 



S-H 




Compound^, was by a sh»i,a, memod ,„ todescHbadforpra^ 

of compound 14(a) in Example I. 

8-38-855(m.lH).8.70 (s .lH),9.38-9.60(m,lH). I0.25-I0.43(brs 1H) 
M,cro Analysis: "/.Theory C58.8. H6.45, N7 9! 

G.0HCU.5H2O) %Pou„d C58.6.H6.10.N7.70 

■5 ™ es ^"6™<"°U<3-pyridylH«2^^^ 
.my,s u ,fa„y,py Iro , idin . 2 . ylmrtyl)aMlamide(compoiind|2(b)) ^ ^ 

A nuxtureof HOBT(0.„76g), EDC(0.,03 8 >, 4-me.hy,mo,mo.« ( 0.23 m„ a^ 
compound 10 (seeExample 1; 0.269 „ and 3-pyridyl.ce.ic acid (0 093g) in 

«* - W aca^bexa^OO^O), foHowed by (< 0:4.,. men ( 90:,0, and erhy, acerarc ,„ 
give the compound 12b as a while solid (0 21 7 g) 



25 
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Example 3 

6-Methoxy-l-oxido-N-(2,2-diphenylethyl)-N-((cis)-3-sulfanylpyrrolidin-2-ylmethyl)- 
pyridine-3-carboxamide (compound 14(c)) 

5 



Compound 14(c) was prepared by a similar method to that described for the 
preparation of compound 14a in Example 1. 



NMR (CDC1 3 ) 61.15-1 .35(m,lH), 1.88-2.03(m.lH), 2.21(d,lH), 2.28-2.50(m,lH), 3.00- 
10 3.20(m,lH), 3.20-3.37(m,lH), 3.42-3.55(m,lH), 3.69(d.lH), 3.80-3.98(nUH). 4.05(s.3H), 
4.20-4.40(m,3H), 6.58(d,lH), 7.08-7.36(m,l 1H), 8.1 l(s,lH), 9.10(br.s,lH). 10.8(br.s.lH) 



The starting material, 6-methoxy-l-oxido-N-(2,2-diphenyl-ethyl)-N-((cis)-l-BOC-3- 
15 tritylsulfanylpyrrolidin-2-ylmethyl)pyridine-3-carboxamide (compound 12(c)), was prepared 
from compound 10 (see Example 1) using the method described for compound 12(b) (in 
Example 2) using appropiate intermediates. 

NMR(CDC1 3 )8: 0.75-1. 00(m,lH), 1.10-1.25(m,lH), 1.25-1.45(m,9H), 1.90-3.75(m,8H), 
3.90-4. 15(m,3H), 4.20-4.90(m,lH), 6.30-6.55(m,lH), 6.60-7.50(m,27H) 



Example 4 

a) N-(naphth-l-yl-ethyl)-M-((c's)-3-sulfanylpyrrolidin-2yl-methyl)-thiazole-5- 
carboxamide (compound 15(a)); and 

b) 6-Methoxy-l-oxido-N-(naphth-l-yl-ethyl)-N-((cis)-3-sulfanylpyrrolidin-2- 
25 ylmethyl)pyridine-3-carboxamide (compound 15(b)) 



S-H 




Micro Analysis: 
(1.0 HC1.1.0 H20) 



%Theory C60.0, H6.59, N8.08. 
%Found C59.6, H6.00. N7.80 



20 
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Compound l*a> and compound 15(b) were ^ „ y ^ ^ ^ ^ 
descnbed for preparation of comp„,md ,«»> in Exampie ,. The s,ar,i„ 6 ma,eria.s for 

mtermediaiea by similar pnacedures ,„ mose descried in Ure wheals of compounds 12(b) 
and ,2,c) in Examples 2 and 3. ,„ brief, me foUowing .eagenrs were us* wim respee, ,„ d* 
steps numbered in Example I. 

10 Step 6: 1 -naphthylamine/ sodium triacetoxyborohydr.de/ molecular sieve/ -20° 

Step 7: thiazole-5«arboxylic acid (for 1 5(a)) or 6-methoxynicotinic acid N-oxide (for , 5(b))/ 
EDC/ HOBT/ 4-methylmorpholine. ~ WV 

Characterising data: 

Compound 15(a): 

.5 NMR (DMSa<i6)5: m(mAHl 3,„. 4 , 0(mJ , H) , 7 . 30 ., 95(m8H) , 

908(s,lH),9.30(br.a,lH),10.05(br. s ,lH) 

Micro Analysis: %The<)ry ^ ^ m j& 

(2.0HC 1 ,0.5H2O ) %Fou„d C52.7, H5.3, N8.5 

Compound 15b: 

9.20(br.s,.H), 10.60(br.s,lH) 

MiCrOAna,ySiS: %TheoryC57.7,H6.36,N8.24 
d.OHCU.5 H2O,0..2Ethy. ether) %Found C5? g ^ Ngj 
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(cis)-l-BOC-Ji-(naphth-l-ethyl)-3-tritylsulfanyl-pyiTolidin-2-yl which 
is the product (compound 1 1) of the reaction equivalent to step 6 (Example 1 ): 
NMR (CDC1 3 )6 0.80-O,95(m, 1H), 1.34(s.9H), 1.70-2.00(m, lHU.50-3.65(m, 10H), 7.15- 
7.50(m, 19H), 7.65-7.73(m, 1H), 7.80-7.88(m ? 1H), 8.00-8.12(m. 1H). 
5 N-(naphth-l-yl-ethyl)-N-((cisH^ 
thiazole-5-carboxamide (compound 13(a)) which is the product of the reaction equivalent to 
step 7 of Example 1 for synthesis of compound 15(a). 

NMR (CDC1 3 )8: 0.8Q-0.95(m, 1H), 1.28(s, 9H), 1.80-4.40(m, 1111), 7.10-8.80(m. 24H). 
6-Methoxy- 1 -oxido-N-(naphthyl- 1 -y l-ethyl)-N-((cis)- 1 -BOC-3- 
10 tritylsulfanylpyrrolidin-2-ylmethyl)pyridine-3-carboxamide (compound 13(b)) which is the 
product of the reaction equivalent to step 7 (Example 1) for compound 15(b): 
NMR(CDC1 3 )8: 0.80-0.95(m, 1H), 1.30(s, 9H), 1.90-4.20(m. 1411), 5.95-6.10(m, 1H), 6.70- 
7.85(m, 24H). 

15 Example 5 

(2S)-2-{2-Benzyl-5-[(cis)-3^ 
methylsulfanylbutyric acid 




20 

Compound 20 was prepared from compound 19 by standard procedures. In brief, 2N aqueous 
sodium hydroxide solution was added to a stirred solution of compound 19 in methanol at 
room temperature under argon. After 18 h the reaction mixture was concentrated to remove 
the Methanol. The resulting residues were dissolved in distilled water (2.0 mL) and acidified 
25 to pH3 with 2N HC1. The resulting solution was purified by reverse phase HPLC (Dynamax 
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C18,8» prepcolumn). eluting with a gradient of 0-40% Methanol/distilJed water Product 
fracnons were concentrated and the desired end product purified by standard m ethods 
"^MSO-d^C^ 

3.75-4.04 (3.5H,m), 4.46(lH, q) . 6.61(2H.m,Ar). 6.94-7.23(6H,m.Ar.) 
5 MS(ESP+)m/z(M+H)'474. 

Anal. Calcd for C 2< H 3) N 3 S 2 0,1.6TFA C. 49.8; H, 5.0,; N, 6.4; Found C. 49.5; H. 5.1; N. 
6.4 

The stanine material was prepared as follows: 

'»propyl(2SD-2.(2-Be^l- 5 .[^^ 
10 ^nojbenaoyl,™^,.^^,^,^^ „ )wasprepam(|from 
compound 18 using a similar procedure to tha, „f Example I. step I 

'^wUZ^^^bervayl-S-UdaW-mtylsuifa,,,^^. 
*"+*->«**'»^ 

reacdng eompound 9 (Example Owimist^py,^^.^, 
.5 methylaulfanylbutyreteccompound, 7, according to aandaro procedures. .„ brief, a soludon 
contaming compounds , and .7 in isopropyl alcohol was treated with powdered 4A molecular 
stevcs ami the resulting suspension was « room lemperalure fo , ,„ ^ ^ ^ 

aodtum cyanoborohydride were then added and the reaction mixture was left ,„ stir for I gh a, 
room temperature. T* reaction ^ ^ ^ ^ ^ ^ 

20 ^aatumtedsodimnhydroganau^,^, The 0,000^ phaae was then washed 
with ethyl acetate (50mL, am, , he combined orgMic! drjed over ^ ^ 

concentmted ,0 a colourless gum. This waa then p„ri„ed by fla5h chromatotrap „ y „„ ^ 

(Vanan Meg, Bond Elu, Column, eluting a gmdien, of 23^0* Ethy, acetate/i-hexane to give 
compound 18. 6 

25 Compound 1 7 was prepared as follows: 

A solution of methy, (^2 W-m^^^^ 
compound 34(d) »25.24g. 62.7gmmol, in methanol ( 500mL, was freated with 2N aqueous 
sodtum hydroxide solution (3SmL, 70mmol, The resulting aolurion was then evapomted to 
dryness and the solids partitioned between ethyl ether (200mL) and water (SOOrnL) The 
a,„eo„ s material was men acidifled ,„ p „2 wi.h 2N HCI and extracted with ethy, acetate 
(2x2 5 0mL). The combined o^anics were washed with wateriAIOOmL). bri„e(,00m L) 
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filtered through phase separating paper and evaporated to give (2S)-2-(2-benzyl-5-nitro- 
benzoylamino)-4-methylsulfanyl-butyric acid (compound 36(a)) as a white 
solid,23.57g(96.8%). 

'H NMR (DMSO-d ft) 300MH z ) 6: dl.8-2.2(5H,m);2.3-2.6(2H+DMSO,m); 
5 4.1-4.3(2H,m);4.4-4.6(lH,m);7.1-7.3(5H,m);7.4-7.6(lH.m):8.1-8.3(2H.m); 

8.9-9.0(1 H,m,NHCO) 

MS (ESP-) m/z 387(M-H)'. 

Sulphuryl chloride (5.0mL.62mmol) was added to a stirred suspension of compound 

36a (19.2g,50mmol) in IPA (500mL). The resulting mixture was then heated at reflux for 
10 1 8hrs. The reaction mixture was then evaporated to 1 /5 volume and partitioned between ethyl 

acetate (1L) and saturated aqueous sodium hydrogen sulphate (500mL).The organics were 

then washed with water (200mL). brine (200mL). filtered through phase separating paper and 

evaporated to give isopropyl (2S)-2-(2-benzyl-5-nitro-ben7oylamino)-4-methylsulfanyl- 

butyrate (compound 36(b)) as a white solid,21.25g(100%). 
15 'HNMR(DMSO-d 6 ,300MH z )6: 1.0-1.3(6H,m);l.8-2.2(5H,m); 

2.3- 2.6(2H+DMSO,m);4. 1 -4.3(2H,m);4.4-4.6( 1 H,m);4.8-5.0( 1 H,m);7. 1 -7.3(5H,m); 

7.4- 7.6( 1 H,m);8. 1 -8.3(2H,m);9.0( 1 H,m,NHCO) 
MS (ESP+) m/z 431(M+H)+. 

SnCl 2 .2H20 (2.5g,l 1.08mmol) was added to a stirred solution of compound 36(b) 
20 (2.24mmol) in ethyl acetate(50mL) and the resulting mixture heated at reflux for 18hrs. The 
reaction mixture was cooled to ambient temperature and treated with 0.880 SG NHj(aq) 
dropwise to pH8. The resulting precipitate was removed by filtration through diatomaceous 
earth. The filtrates were then evaporated and purified by chromatography (Mega Bond 
Elut,Silica), eluting with dichloromethane and then 50% ethyl acetate/ i-hexanc to give the 
25 desired aniline compound (17). 



30 
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Examp le 




Compound 24 *, p,^ from compou]d , 

IHTlHrt WlMw 4.43 (IH . m) , ttpg^ 7 04 . 7 ' • D ' ) ' 
MS (ESP+) m/ z (M+H)+ 474. ™<«>H,m,). 

Microanalysis, calculated for C24H3 1 N3S203 I 55TFA- r <n„ u 
C.49.9 : H.5.1;N.6.4. C - 50 °- H. 5.04; N. 6.46; Found 

»w«^J^^tz^"^ , * ,-<,w ■ ,,,h,, -- , ' 

.174.1. . . W To * ,ss *<'on was added oropwise sulphuric acid 

«"m0a,s 1K h. ra te tomainlainl)le b«w«„75.«5»c 3„. 

* .OO-UO'C for* ecled * 50°C and po^ 0B0 fce ^ ' — - 
20 e^cted wilh ^ aceBtt , ^ «- 
— and 0* re^ ^ ^ ^ acM ;7^ "* ^ ueous — hydro.de 
». Pracipitelad solid was fifed washed win, hydr ° Chl0riC 

NMRHNMR,CDC, 3 , 6 : 7 .42 ( ,H,d, 8 .0, (1 H, q , 8 .42 ( ,„, d) 
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Compound 26 in methanol was treated with S0 2 C1 2 and the resulting solution heated 
at reflux fori 8h. The reaction mixture was then evaporated, pre-absorbed on silica 
(Mcrck,9385) and purified by chromatography, eluting with 10% ethyl acetate/i-hexane. 
Appropriate fractions were combined and evaporated to give methyl 2-bromo-4-nitro- 
5 benzoate (compound 27). 

A solution of benzyl bromide (2.0mL,17.3mmol) in THF(lOmL) was added dropwise 
at 0°C to a stirred suspension of zinc dust( 1 .7g.26mmol) in THF( 1 OmL) which had been 
activated according to the method described by Knochel (J.O.C. 53, 2392, 1988). The 
mixture was left to warm to ambient temperature and stir for 3h. An aliquot (6.5mmol) of the 
10 supernatent containing the benzyl zinc reagent was then added to a stirred solution of 

compound 27 (3.85mmol) and Pd(dba) 3 (0.0385mmol) in THF(lOmL)at ambient temperature 
under argon. After lhr a second aliquot (6.5mmol) of the benzyl zinc reagent was added. The 
resulting black reaction mixture was quenched with 2N HC1 (250mL) and extracted with 
Ethyl acetate (2xl00mL). The combined organics were washed with water (50mL) and brine 
15 (50mL),filtered through phase separating paper and evaporated to an orange gum. This was 
purifled by chromatography on silica (Merck,9385) eluting with 10% ethyl acetate/i-hcxane 
to give methyl 2-benzyl-4-nitro-benzoic acid (compound 28). 

2N Aqueous sodium hydroxide solution (2.0mL,4mmol) was added to a solution of 
compound (28) (2.06mmol) in methanol (1 OmL) at ambient temperature. After 2hrs the 
20 reaction mixture was evaporated to remove the methanol and then partitioned between ethyl 
ether (20mL) and 2N aqueous sodium hydroxide solution (20mL). The aqueous phase was 
acidified to pH2/3 with 2N HC1 and extracted with ethyl acetate(3x20mL). The combined 
organics were washed with water (20mL) and brine (20mL), filtered through phase separating 
paper and evaporated to yield 2-benzyl-4-nitro-benzoic acid (compound 29). 
25 Compound 29 (2.45mmol) was coupled with L-methionine methyl ester hydrochloride 

(540mg,2.7mmol) to give methyl 2-[(2-benzyl-4-nitro-benzoyl)amino]- 4-methylsulfanyl- 

butyrate (compound 30). 

SnCl 2 .2H 2 0 (2.5g,l 1 .08mmol) was added to a stirred solution of compound 30 
(2.24mmol) in ethyl acetate(50mL) and the resulting mixture heated at reflux for 18h. The 
30 reaction mixture was cooled to ambient temperature and treated with 0.880 SG NH 3 (aq) 
dropwise to pH8. The resulting precipitate was removed by filtration through diatomaceous 
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earth <Ce,i,e®> ( 545>. The flhraea wre to evaded ^ purifled by clm) 

(Mega Bond EluuSihca). eluung „ ilh dicWoronetae and ,he„ 50% ethyl aeeute/ i-hexane 

to give the desired compound 21 . 

5 Example 7 
piperazine 




(32) 

Compound 32 was synthesised from starting materia. (2S)-2-^^ 
10 ^O^^ 

using a similar method to that of Example l.step 1 

NMR (CDCI3) 5 ,.70-4.90(m, 241,), 7.35-8.00(m, 7H), 9.40-1 0.3 0(b,s, ,H). 10 50- 
H80(br.s, 1H). 

Micro Analysis: %Jhaxy „ „ w ^ 

15(2.0HC..,.5H2O,0.l5e l hyle U ,er, ./. Found C54.3. H7.OO.N8.0O 

The smrtng ^a, ^ prepared foUows Compound 3 1 ^ 

^^'•-Ex^leUandta^^meUK,^,,.,^^^ 
(compound I 6, by „e meihod described in Example I , s,ep 6. f„ r fte preparanon of 
compound ICr Compel ,6 was prepared using analog melhods ,„ lhosc described in 

Scheme 2 and Example 7. S«ep E therein substituting naphthoic acid in lieu of 2 3- ' 
dimethylbenzoic acid. 

NMR, compound 3 M CDC1,) 6: 0.80-1. 20(m. IH), ,.30-U3(m, 9H), ,.7M.75,m 20H) 
3.95-4.55(m,lH),7.l5.7.05 (m ,22H). J"(m,20H), 
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Example 8 

The compounds in the following table were prepared from the appropriate 
tritylsulfanyl compounds using a similar method to that described in Example 1 . paragraph 

5 



S-H 




(cis) 



10 



Compound No. 

15c 
15d 
15e 
15f 



15 



R 



isovaleryl 
3-pyridylacetyl 

l-oxido-6-methoxypyridin-3-ylcarbonyl 
thiazol-5-ylcarbonyl 



Characterising data: 
Compound 15(c): 

NMR(CDClj) «5:0.75(t,6H), 1.15-1.38(m, 1H), 1.50-1.80(m, 3H), l.90-2.15(m. I H), 2.32- 
2.52(m, 1H). 2.75-2.97(m, 1H), 3.00-3.26(m, 1H), 3.26-4.00(m, 8H), 7.25-8.03(m, 7H), 8.80- 
20 9.20(br.s, 1H), 1 1 .2-1 1 .7(br.s, 1H). 

Micro Analysis: %Theory C64.90, H7.68. N6.88. S7.88 

(L0HCI) %Found C65.20, H7.50, N6.90, S7.90 

Compound 15(d): 

NMR (DMSOd 6 ) 5: 1.75-2.00(m, 1H), 2.30-2.60(m, 1H), 2.90-4.50(m, 12H), 7.40-7.65(m, 
25 4H), 7.75-8.00(m, 3H), 8.15-8.30(m, 2H), 8.65-8.90(m, 3H), 9.90-10.40(m, 1H). 
Micro Analysis: %Theory C56.00, H6,46. N8.1 7, S6.23 
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C-OHCU-OH*, %Kou „ d C5 , 7 O.Ho,O.N, 2 o. S ,oo 

Compound 15(e): 

Micro Analysis: S^c^^^'^ 

..ohcu ^o, ^ d c 57 . 8 o,,, 80 . N8 , o ; I 

Compound 15(f): 

NMR (DMSO-d,) S: 1.80-2.00(m 1H) 2 35 2 «, , 

/.Found C54.00.H5.50.NO.00.SI3.30 
TT* ^rting ma , erials wrc prepared b fo| w 

c Prcparation of compound I2fa) hnr n« MA i « . 

in paa^ ' " S ' ne insiead of 

20 Characterising data: 
Compound 7* 

7-55(m, 15H). 3 -^3.85(s,s, 3H), 4.60-4.95(m. IH), 7.15- 

25 Compound 9(a)- 

^^^-^^"^ 
Compound 11(a)- 
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Compound 13(c): 

NMR(CDC. 3) 8 0.60-1.00(m.6H), 1.15-1.35(m. 1H), 1.40-1.47(m.9H), 1.50-2.30(m, 4H). 
2 45-4.15(m, 10H), 7.10-8.30(m, 22H). 

Compounds 13(d) tol3(f) were prepared from compound 1 1(a) by the method described in the 
5 preparation of compound 15(a) (Example 4) using the appropriate "acid". 
Characterising data: 
Compound 1 3(d). 

NMR(CDCb) 8: 1.l5-1.33(m, 1H). 1.40-1.53(m. 9H). 1.85-2.15(m, lH),2.50-4.25(m, 
12H),6.85-8.55(m,26H). 
10 Compound 13(e): 

NMR(CDC1 3 ) 8: 1.10-1.30(m, 1H), 1.43(s,9H). 1.60-4.10(m. 14H), 6.00-6.40(m. 1H), 
6.60-6.75(m. 1H), 6.90-7.90(m. 23H) 
Compound 13(f): 

NMR(CDC1 3 ) 8: 1.05-1.30(m, 1H), 1.43(s,9H). 1.70-4.20(m. 1 1H), 7.10-7.90(m. 23H), 
15 8.57-8.80(m, 1H). 

Example 9 

Methyl m^^^Sif^^ 
4-methylsulfanylbutyrate (compound 37) 

20 




Methyl (2S)-2-p-phenyl-5-(trans-3-sulfanylpyrrolidin-2- y lmeth y lamino)ben Z o y laminoH- 
methylsulfanylbutyrate (compound 37) was prepared from methyl (2S)-2-l2- P henyl-5-(trans- 
3-tritylsulfanylpyrrolidin^^^^ 
25 (compound 33) by a similar method to that described in Example 1 , stepl . 
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Compound 37; 

3-13-3.58( m ,7H). 3 6 l , Sl 3 HM . 3( M.3 9(m . 1 H,.6 70,d.lH,.6 79 ((i() , m 7,«J«, 
6H). 8.53W. ,H). 9.42(br.s, IH). 9.84,b,, ,H, ' 3 " 7 ' 30(m ' 

5 

oZrT*' •"•^C5,.70.H6, 8 . NmS M,O 
a.0HC,.0.6H2O, %Fo„„ d c 5 ,. 8 0. H5 . 9 0.N7. 9 0.S, l .60 

Compound 33: 

NMRCDMSO^ , !MWBta |H) ,,,, , 
Examp le in 



20 




25 
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Compound 38: 

NMR (DMSO-d 6 ) 6: 1.76-2.01(m, 3H). 2.03(s, 3H). 2.30-2.50(m. 2H), 3.10-3.55(m. 7H), 
3.61(s. 3H). 3.99-4. 17(m. 2H), 4.43-4.53(m, 1H). 6.49-6.54(m, 211), 7.05-7.30(m. 6H), 
5 8.39(d, 1H), 9.35(br.s, 1H), 9.79(br.s. 1H). 

Micro Analysis : %Theory C53.60, H6.29, N7.50. SI 1.44 

(2 0HCI) % Found C53.40.H6.70.N7.60.S11.40 

Compound 34 was prepared from compound 9(a) and the appropriate aniline using a similar 
10 method to that used to prepare compound 18 in Example 5. 
Compound 34: 

NMR (DMSO-d 6 ) S : 0.73-0.90(m, 1H), 1.39-1.45(m, 9H). 1.62-1.75(m, 1H), 1.93-2.04(m. 
2H). 2.05(s, 3H), 2.63-2.78(m, 1H). 2.88-3.30(m, 5H), 3.63(s, 3H), 3.85-4.27(m, 4H). 4,47- 
4.57( m> 1H), 6.00-6.09(br.s, 1H), 6.30-6.60(m, 2H). 7.08-7.32(m. 21H). 8.33-8.40(m. 1H). 

15 

Example 1 1 

(2S)-2-l2-Benzyl-5-((transV3-sulfanylpyrrolidin-2-ylmethylamino)benzoylaiiiino]-4- 

methylsulfanylbutyric acid (compound 41) and(2S)-2-|2-phenethyl-5-((trans)-3- 
sulfanylpyrrolidin-2-ylmelhylamino)benzoylainino)-4-methylsulfanylbutyric acid 

20 (compound 42) 




OH 




(2S)-2-[2-Benzyl-5-((trans)-3-sulfanylpyrrolidin-2-ylmethylamino)benzoylamino]-4- 

methylsulfanylbutyric acid (compound 41 ) and (2S)-2-[2-phenethyl-5-(trans-3- 
25 sulfanylpyrrolidin-2-ylmethylamino)benzoylamino]-4-methylsulfanylbutyric acid (compound 



WO 98/07692 

PCT/GB97/022I2 

-61 - 

that used to prepare compound 27 (Example 6). 

Compound 41: 

Micro Analysis: 0/T . 

«.00HC. ,.0ON. C1) «7.«, H,*, N , 95 

I.C^ 42: 

lift MWr* .,„ "* 7 ,0 - 7 - 27 ""' SH '' 'H». «fc 

Micro Analysis: 0/T u 

Mmpound 37 (Blamp , e |0) '™>" -« ' — — ,0 ,„a, ^ „ 
20 Compound 35: 

NMR(DMS<W S ) & 0.85-0.97ta IHI I 35 , „«, „„ 

«*«. ,H), ,63-5.75, Jl H 5„ I, 5H> ' 3H> ' »<* «X 4.5. 

UU*fe ,„, 2H> ' '«>■ 20H , 
25 Compound 39: 

Micro Analysis: 0/T , 
M BMKWTMO, C «,0. H6.4,, N7.32. SU, 7 

/•round C52.4O.H6.4O.N7.50.SI1.I0 
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Compound 36: 

NMR(DMSO-d 6 ) 8 : 0.83-0.93(m, IH), 1.38-,.45(m. 9H>. 1.68-1.85<m, IH). 1.97-2.07(m. 
5H), 2.50-3.23(m. 1 IH), 3.61(s. 3H). 3.83-4.03(m. IH). 4.53-4.61(m, IH). 5.67(br.s, HI), 
6.50-6.63(m, 2H). 6.90-6.99(m. IH). 7.l0-7.35(m. 2011). 8.55-8.60(m. IH) 
5 Compound 40: 

NMR(DMSO-d6) S : 1 .75-2.06(m, 3H). 2.03(s, 3H).2.34-2.92(m. 6H). 3.10-3.57(m, 7H). 
3.60(s, 3H), 4.50-4.60(m. IH), 6.63-6.70<m, 211), 7.00-7.28(m, 6H). 8.68(d, HI). 9.38(br.s, 
lH).9.80(br.s, IH). 

Micro Analysis: %Theory C53.5. H6.56, N7.20. S10.99 

10 (2.00HC1, 0.50 H20) %Found C53.5. H6.30. N7.20, S10.90 

Methyl (2S)-2-(2-phcnethyl-5-aminobenzoylaminoH-me^ 
79) used in the preparation of compound 36 was synthesised as follows; 
A mixture of methyl ^bromo-S-nitrobenzoate (lOg) phenyl acetylene(4.2 ml), triethylamine 

15 (100ml), cuprous iodide(0.4g),dimethylformamide(200ml) and bis^triphenylphosphme)- 
palladium(ll)ch.oride(l .35 g ) was stirred at ambient temperature for 1 hour under an argon 
atmosphere. The solvents were removed under reduced pressure and the residue treated w„h 
IN hydrochloric acid(2L) and then extracted with ethyl acetate (2x300ml). The combmed 
organic extracts were washed with saturated aequeous sodium bicarbonate solution( 1 00ml), 

20 water(3xl00ml) and brine(lOOml) filtered through phase separating paper and evaporated to 
dryness. The residue was purified by flash column chromatography on silica using ethyl 
acetate/hexane(gradient: 0 tol0<M,) as eluant to give methyl 2-(2- P henylethynyl)-5- 
nitrobenzoate (compound 76) as a yellow solid (9.98g). 
Compound 76. 

25 NMR (CDCIj) 5: 4.02(s, 3H), 7.38-7 .44(m, 3H), 7.59-7.64(m, 2H), 7.80(d, IH), 8.33(dd, 
IH), 8.84(d, IH). 

A mixture of compound 76(9.4 g),10%Pd/C(0.94 g) and ethyl acetate(lL) was stirred under 
an hydrogen atmosphere at Ibar pressure for 16 hours. The mixture was filtered through a pad 
30 of Celite and the filtrate evaporated under reduced pressure to give methyl 2-phenethyl-5- 
aminobenzoate (compound 77) as an oil(8.5 g) . 
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Compound 77: 

ml) was s„nad a, a m »,c„, temp e ralure f or 18 hours ^ 

m.xlura was cooled and , ed »««• T*" 

w,i»rni> t opressurellK P'o<i««:iwasre(lissolvedin 

™ and washad wi.h die,h yl e,„e K 250 m „. The aoueooa ^ was ^ „ „ 

T d ^T° cw ^ a ^* h ^^^~„ m ^d 

Compound 78: 

A mixture of L-methioninc methyl ester Un n i a i , 

DMAPf 13 6. «A H- m 8) ' C ° mP0Und ?8(5g) ' EDC ' 4 ' 77 «) «d 

UMAP(I3.6I g) in dichloromethane(250 ml) was stirreri « . 
tu a- i_i ed at amb,ei « temperature for 3 hours 

na .Mo^^ovapo^^.adaced ^ and daa .esidoe ^ 

2*- - .o d^oass. TV prCaa, was Mfiad o„ a si„ca flasn co lum „ L 
ethyl acetate/iso-hexane as eluant r sn> • 8 

ejuant (50.50) to g,ve compound 79 as a solid (6.73 g). 

25 Compound 79: 

NMR (DMSOcy ft ..96-2..6 (m .2H,, 2 .03,,3H,.2.45.2. 6 0,™.4H, 2 6,-2 82(m M 
8.59(d, 1H). ''J-/.^»(m, 5H), 



30 
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5 

Compound R 1 Position of R 1 R2 Position of R* 

on phenyl on phenyl 



47 


Ph- 


4 


Mc 


3 


48 


PhCH 2 - 


4 


Me 


3 


49 


PhCH 2 CH 2 - 


4 


Me 


3 


50 


4-F-PhCH 2 CH 2 


3 


Me 


4 


51 


PhCH 2 CH 2 - 


4 


H 


3 


52 


4-F-PhCH 2 CH 2 - 


3 


H 


4 



Compounds 51 and 52 were prepared from compounds 40 and 50 respectively using a similar 
method to that used to prepare compound 27 (Example 6). Compounds 47, 48, 49 and 50 
were prepared by deprotecting the appropriate tritylsulfanyl compounds (compounds 43, 44. 
10 45 and 46 respectively) using a similar method to that of Example I , step 1 . 
Compound 47: 

NMR (DMSOd 6 ) 6: 1.72-1.88(m, 3H), 1.97(s, 3H), 1.97-2.35(m, 3H), 3.13-3.57(m. 5H), 
3.60(s, 3H),3.65-3.86(m,2H),4.30-4.40(m, 1H), 6.70(d, lH),6.80(dd, 1H), 7.15-7.32(m, 
6H),8.47-8.53(m, 1H), 9.43(br.s, 1 H), 9.90(br.s, 1H). 
15 Micro Analysis: %Theory C51.70, H6.18, N7.54, SI 1.50 

(2.00HC1. 0.60 H20) %Found C51.90, H6.10, N7.80, SI 1.60 
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Compound 48: 

5 Micro Analysis: 0/Tk ; ' 

««».«,, .oomo, ^ hm, N7 , 6 

Co mp „ u „ d « 9: ^ a ' M »^-20 

3.63. 3 . M(m ,2H).4.50 46 0( m , H > 665 *70, T' 3 ' M - 55(m ' 5H >- 3 M). 
"> ».4Hbr.,,H), M o«,, s , ,H, 6 ' 70,n, - 2H) - 6 "- 7 ' 3 »<-^H, 8 . 68(d . , H) , 

Micro Analysis: 0/ ~. 

ao» HC ,,„. 5 „ !0) ;J^«, 5 o.h, 56 . n „„. s , 0 ., 9 

C 53.30. H6.20, N7.20. S10.90 
NMRrt>MSO ^l «"-2.09( m .2H),2.04( S 3H, 2 33 

«HC,.0,5H2O) ^ C51 ^H^'.N7.,X,.S,0. M 
Conpcmdsr ^ C5,MHS '0.N7.40. S1 0.«0. 

».80(b,, ,H). 5W - 8 - 47 " 8 55 ^ "A, ».35( br ., ,„>, 

Micro Analysis: 0/7 , 

(2.00 HC„ / -^C53.60.H6.30.N7. 5 O 

25C„ mpounll52 . WOU " d C »^.W.I0,N7.40 
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The starting material was prepared as follows: 

Compounds 43, 44. 45 and 46 were prepared by reacting compound 9 with the 
appropriate aniline using a similar method to that used to prepare compound 1 8 in Example 5. 
Compound 43 

5 NMR(DMSOd 6 ),:1.20-1.35 ( m.9HU.53-1.85(m.3H).1.95(,31.). 2.10-2.30(m.3H), 
2.50-3.20<m. 611), 3.55-3.60(m, 3H).4.25-4.37(m. 1H). 5.30-5.58(m, 1H), 6.55-6.67(m, 2H). 
7.05(d, 1H), 7.17-7.44(m, 20H). 8.35-8.47(m. 1H). 
Compound 44 

NMR (DMSOd 6 ) 6: 1.17-1.33(m. 9H). 1 47-1.62(m, .11). 1.83-2.00(m. 3H). 2.00(, 3H). 
,0 2 02-2.50(m. 211), 2.60-3.30(m, 6H). 3.59(s. 3H). 3.80-3.95(m, 2H), 4.43-4.52(m. 1H). 4.97- 
5.27(m, lH),6.40-6.6(Xm,2H),6.84(d, 1H), 7.05-7.43(m. 20H). 8.47-8.57(m. 1H). 
Compound 45: 

NMR(DMSOd 6 ) *:0.83-0.95(m. 1H). 1. 20-1. 38(m, 9H), 1.46-1. 62(m. 1H), 1.85-2.20(m, 
6H), 2.45-3.27(m, 1 1H), 3.58(s, 3H), 4.45-4.55(m, 1H), 4.92-5.22(m. 111). 6.40-6.63(m, 2H), 
15 6.90(d, 1H). 7.10-7.43(m, 20H). 8.50-8.60(m. 1H). 
Compound 46: 

NMR (CDCW S: 1.41(s, 9H), 2.00-2.10(m. 1H). 2.08(s. 311), 2.,4-2.34(m. 2H), 2.47-2.63(m. 
2H) 2.80-3.20(m,8H),3.20-3.50(m,2H),3.75(s.3H).4.13-4.21(m, lH),4.85(q, 1H), 
5.23(br.s, 1H.). 6.15-6.35(m, 3H). 6.89-6.95(, 2H), 7.13-7.33(m. 12H), 7.41-7.51(d. 6H). 

20 The "aniline" (compound 62) used in the preparation of compound 46 was synthesised from 
methyl 2-(2-(4-fluoropheny.)ethynylH-nitrobenzoate by standard hydrogenation to g.ve 
methyl 2-(4-fluorophenethyl)-4-aminobenzoate (compound 60). Compound 60 was 
hydrolysed to the corresponding benzoic acid (compound 61). 

^ Compound 61 was coupled with L-methionine methyl ester hydrochloride using similar 
conditions to those described for the preparation of compound 79 (Example 1 1 ) to gwe 
compound 62. 
Compound 60: 

30 NMR (CDCW I: 2.74«. 2H). 3.03(m. 2H>. 3.7,<s, 3H), 5.80,, 2H), (MOO. 2H>. 7.04- 
7.12(m, 2H), 7.23-7.31(m, 2H), 7.64«ld. 1H). 
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Compound 61: 
Compound 62: 

Examp le n 

'"»«M.» ta .,b ral . ) , hl . ill0P ^ lllrtkyls . |f ,. y|b<i(yric >dd (coinpoon(i 




similar method to that described fnrth«~ "fusing a 

NMRCDMso.^ , : ,,, fe3H) , 9| . 2M(m m 

Micro Analysis: 0 /tu 

/oTheor y C51.06.H5.40 N7 15 Sinoi 
20 (2.00 HCi, 0.75 H20) «/p An ' 91 

%Found C 51-20,H5.40,N7.00.S10.60 

The starting material was prepared as follows ; 

A mixture of compound 53 (from Example I2W2 S „\ ?m 

- — *.»■,■> « healed . „„ x I hy<toxide " 5 m,, 

-7< , L . ,c ""x ror^nours. The mixture was cooled anH th„ 

25 methanol evaporated awav Th*. t»«.a. he 

extracted wit J ^ 2N HQ (2 ° ml > and ^ *«« 

extracted with ethyl acetate (2x 1 00ml). The organic extracts were combined, dried and 
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evaporated to dryness to give 2-l2-(4-fluorophenyl)ethynyl]-4-nitrobenzoic acid (compound 
54) (2.3 g). 

Compound 54 was converted to methyl (2S)-2-{2-|2-(4-iluorophcnyl)ethynyl]-4- 
5 nitrobenzoylamino}-4-methylsulfanylbutyrate (compound 55) using the coupling procedure 
described for the preparation of compound 79 (Example 11). 

Compound 55: 

NMR (CDCIj) 6: 2.00(s, 3H), 2.10-2.20(m, 1H), 2.20-2.37(m. Ill), 2.48-2.64(m. 2H,), 
10 3.76(s. 3H,), 4.96(q, 1H), 7.10-7.20(nu 2H), 7.63-7.68(m. 2H), 7.84-7.97(m, 1H). 8.20- 
8.29(m. 2H).8.45(d, 1H). 

A mixture of compound 55 (2g), stannous chloride dihydrate(4.4 g) and ethyl acetate ( 1 50 
ml) was stirred and heated at reflux for 2 hours. It was then cooled and treated dropwise with 
1 5 aequeous ammonia(0.880) to pH 9. The white precipitate formed was filtered and washed 
with more ethyl acetate(150 ml). The filtrate and washings were combined , dried and 
evaporated to dryness to give an oil which was purified by flash chromatography on silica 
using ethyl acetate/iso-hexane as eluant to give methyl (2S)-2-{2-(2-(4- 
fluorophenyl)ethynyll-4-aminobenzoylamino}-4-methylsulfanylbutyrate as a yellow solid 

20 (compound 56) (1.1 g). 
Compound 56: 

NMR (CDC1 3 ) 8: 1.99(s, 3H), 2.05-2.12(m, 1H), 2.19-2.31(m, 1H), 2.44-2.76(m. 2H), 
3.91(s, 3H), 4.00(s, 2H), 4.96(q, 1H), 6.67-6.72(m, 1H). 6.85(d, 1H), 7.05-7.16(m. 2H). 7.57- 
7.62(m, 2H), 7.97(d, 1H), 8.05-8.12(m, 1H). 

25 

Compound 56 was reacted with compound 9 to give methyl (2S)-2-{2-(2-(4- 
fluorophenyl)ethynyl]-4-(l-tert-butoxycarbonyl-3-tritylsulfanylpyrrolidin-2- 
ylmethylamino)benzoylamino}-4-methylsulfanylbutyrate. (compound 57) 
using a similar method to that used to prepare compound 33. 

30 
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Compound 57: 

NMR«CDC l3 , S : U0«,9H,, ,.63-,. 88(m , ,„, ,., 6 . 2 08(m , |H) ..^^ 

;< r z i43 ' 2 ' 6,,m - 2H> ' 2 - 8w - 55<m - 6H> ' x7o,s - 3H »- 4M ^ 5 ""- »»• «**.• -h» 

Compound 58: 

.0 NMR (DMSO-tfc, *= >,2.2. 96(m , 6H , 197( , 3H) . 3, 9 . 3 .^ m . 5H) , „„. 3H) « M 

M,c,0 A„a lysis : % ^ C5J 0J 

(2HCh 

% Found C53.00, H5.60, N7.40. S 11 .00 

'5 Example 14 

(2S).2-|2-(4.PI„. ro phe»«hyl)-^(|2RJR|.3 <utf , nyll , ) , rro|jdill . 2 

y^y^o^y,,^.^^^ >cid (Mnpoiiiid 7j) 




20 Compound 73 w prepared from fc iMpropyi ^ 

s™lat method to that of Example 5. g ' 
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Compound 73: 

NMR (DMSOd 6 ) 8 1.9l-2.08(m, 2H), 2.02 (s, 3H). 2.31-2.52(m, 4H), 2.52-2.57(m. 1H), 2.65- 
2.85(m, 3H), 3.27-3.48(m,3H). 3.69-3.99(m, 5H), 4.47<m. 1H). 6.63(s, 2H), 6.93-7.08 (m ? 
3H), 7.16-7.23(m, 2H), 8.48(d, 1H), 9.72(br.s. III). 

5 

Micro Analysis: % Theory C49.56, H5.9K N6.94, S10.59 

(2.5HC1, 0.5 H 2 0) % Found C49.90, H5.70, N6.90. S10.90 

The starting material was prepared as follows: 

10 A mixture of trans-3-hydroxy-L-proline (5 g), di-iert-butyl dicarbonate(9. 1 5 g), sodium 
hydroxide(l .52 g), water(78 ml) and dioxan (80 ml) was stirred at 5 ' C for 30 mins. and then 
at ambient temperature for 16 hours. The mixture was evaporated to a smaller volume(30 ml) 
and diluted with water(150 ml). The pH was adjusted to 2-3 with aqueous sodium bisulphate 
and saturated with sodium chloride. It was then extracted with ethyl acetate(3xl00 ml), the 

1 5 extracts dried and the solution evaporated to dryness to give (2S,3S)-l-(tert-butoxycarbonyl)- 
2-carboxy-3-hydroxypyrrolidine (compound 64) as a white solid (8.42 g). 
Compound 64: 

NMR(DMSOd 6 )8: 1.27(2s, 9H), 1.64-1.76(m, 2H), 3.24-3.45(m, 2H),3.92(d, lH),4.20(br, 
1H), 5.40(br, 1H), 12.6(br, 1H). 

20 

A mixture of compound 64 (8.42g), N,0-dimethyl hydroxy lamine HC1( 10.66 g), 
DMAP(26.69 g), and EDC (10.47 g) in dichloromethane(500 ml) was stirred at ambient 
temperature for 16 hours. The reaction mixture was then applied directly to a silica flash 
column and eluted with ethyl acetate to give (2S,3S)-l-(tert-butoxycarbonyl)-3-hydroxy-2-(N- 
25 methoxy-N-methylcarbamoyl)pyrrolidine (compound 65) as a clear gum(7.6 g). 
Compound 65: 

NMR(CDC1 3 ) 8 : 1.43(2s, 9H), 1.80-1.93(m, 1H). 2.07-2.34(m ? 211), 3.20(s, 3H), 3.53- 
3.72(m, 2H), 3.80(d, 3H), 4.36(br, 1H), 4.63(d, 1H). 
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Methane sulphonyl ehloride(3.49g) was added dropw.se over 1 0 minutes to a mixture of 

compound 65 (7.6 g) and triethylamine (7.7 ml) in dichloromethane (350 ml) and coo.ed to 

0°C under an argon atmosphere. It was then stirred at 0 • C for another hour. 

The reation mixture was then applied directly to a silica flash column which was e.uted with 

5e Wacc* te ,o gi veW 

methansulfonyloxypyrrolidine (compound 66) as a gum(9.7 g). 
Compound 66: 

NMR (CDC13) « : , .44(2s, 9H), 2.08-2.40(m. 2H). 3.08(s, 3H), 3.23(s, 3H), 3.50-3.62(m 
1H), 3.70-3.88(m, lH),3.80-3.85(d, 3H), 4.92(d, 1H), 5.17(dd 1H) 

10 

A solution of triphenylmethy. mercaptan (, 1.22 g ) in DMF(,50 ml) was added dropw.se over 
1 5 mmutes to a suspension of sodium hydride (60% dispersion in 

mineral oi.,,.62 g. ) in DMF(,00 m.) stirred under an argon atmosphere and coo.ed to 5 • C „ 
was then stirred for a further 30 minutes. A solution of compound 66 (9.7 g) in DMF (50 ml) 
was then added and the reaction mixture allowed to warm to ambient temperature and stirred 
forafurther2hours.ltwas then heated at 50 ' C for 4 hours, cooled to ambient temper 
and the DMF evaporated under reduced pressure. The residue was then treated with 1M 
aqueous citric acid (200 ml) and extracted with ethyl acetate (3x100ml). The extracts were 
combmed, washed with brine (100 ml), dried and evaporated under reduced pressure The 
20 product was purified by flash column chromatography, eluting with ethyl acetatc/iso- 

hexane(50:50) to give ( 2 R,3R)-l-(te rt -butoxycarbonyO-^-me thoxy-N-methylcarbonyOO- 

tntylsulfanylpyrrolidine (compound 67) as a solid foam (1 .3 g) . 

Compound 67: 

25 3H). 3.3,-3.60<n, 1H) , 3 .7M.00(d, 3H). 5.10(d. ,H), 7 , ,-7.30( m . iOH). 7 50,d 5H) . 
Compound 67 was reduced (o (JR-SKj-l-flert-taylcarbonylW-formyW- 
.ritylsufanylpyrrolidine (compound 68) with litmom aluminium hydride using „ 
procedure .„ dra. described for ,„ e preparation of compound 9 in Example , . 
Compound 68: 

30 NMRrCDC,^: l3WH> _ ,. 93 - 2 .0 8( m,H,,3.0 ( ,3.6 5( m.4„ ) .7, 1 . 
7.35(m, I OH), 7.49(d, 5H), 9.47 (d, 1 H). 
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Methyl 2-(4-fluorophenethyl)-5-((2R,3R)-l-(tert-but^^^ 

yl)benzoate (compound 69) was prepared by reacting compound 68 with methyl 5-amino-2- 
(4-fluorophenethyl)benzoate (compound 75) under reductive amination conditions, similar lo 
5 those described for the preparation of compound 17 in Example 5, but using methanol in place 
of isopropanol. 
Compound 69: 

NMR (CDC1 3 ) 5 1.40(s, 9H\ 2.63-3.17 (m. 9H), 3.41-3.53 (m, IH), 3.87(s, 311), 6.49- 6.65 
(br.s, 1H), 6.88-7.00 (m, 3H), 7.00-7.07(m, 1H), 7.13-7.33 (m,I2H), 7.48(d, 6H). 

10 

Standard base hydrolysis of compound 69 with sodium hydroxide gave the corresponding 
benzoic acid (compound 70). 
Compound 70: 

NMR (CDCI3) 8 : 1.41(8, 9H), 1.45-1.68(m, 7H), 2.79-2.96(m, 411), 3.09-3. 16(m, 3H), 6.91- 
15 6.96(m, 3H), 7.1 l-7.33(m, 12H) 7.47-7.53(m, 6H). 

Compound 70 was coupled with L-methionine isopropyl ester in dichloromethane in the 
presence of EDC and DMAP to give isopropyl (2S)-2-[2K4-fluorophencthyl)-5-((2R,3R)-l- 
(tert-butoxycarbonyl)-3-tritylsulfanylpyrrolidin-2-ylmethylamino)benzoylaminol-4- 

methylsulfanylbutyrate (compound 71). 
20 Compound 71: 

NMR(CDC1 3 )8: 1.27(m,6H), 1.49(2s, 9H),1. 92-2.1 3(m, lH),2.05(s, 3H), 2.1 3-2.3 l(m,lH), 
2.51-2.60(m, IH), 2.78-2.99(m,4H), 3.07-3. 19(m, lH),4.73-4.89(m, IH), 5.00-5. I3(m, 1H), 
6.31-6.43(m, IH), 6.43-6.64(m, IH), 6.88-6.94(m, 3H), 7.09-7.16(m, 2H), 7.20-7.33(m, 10H), 
7.45-7.5 l(m, 5H). 

25 

Compound 71 was deprotected with TFA and triethylsilane to give isopropyl (2S)2-[2-(4- 
fluorophenethyl)-5-((2R,3R)-3-sulfanylpyrrolidin-2-yl)methylamino)benzoylaminoJ-4- 

methylsulfanylbutyrate (compound 72). 
Compound 72: 

30 NMR (DMSO-d 6 ) 8 : 1.1 3(m, 6H), 1.91-2.04(m, 2H), 2.00(s, 3H), 2.51-2.62(m, 2H), 2.65- 
2.85(m, 4H), 3.12-3.53(m, 5H), 3.65-4.00(m, 2H), 4.45(q, 1H) ? 4.84-4.93(m, IH), 5.60- 
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5.92(bn 4H), 6.67(s. 2H), 6.96-7.07(m. 3H), 7.16-7.23(m, 2H). 8.6.(d, IH). 9.45(br.s IH) 
9.92(br.s. IH). 

Compound 75 was synthesised as follows ; 
5 A mixture of methyl 2-bromo-5-nitrobenzoate (5 g), 4-fluorostyrene (3.5 g). tributy.aminc 
(0.39 g), b.s-(triphe„ylphosphine)-palladium(n)chloride (0.3 g). sodium bicarbonate(2 65 g) 
and water (30 ml) was stirred and heated at reflux under an argon atmosphere for 1 .5 hours 
The reacfon was then cooled, suspended in dichloromethane (200 ml) and passed through a 
pad of silica (chromatography grade) eluting with more dichloromethane The 
10 dichloromethane was then evaporated away and the residue treated with iso-hexane (200 ml) 
to give methyl 2-f2-(4-fluorophe n y|)ethynyl]-5-nitroben 2 oate (compound 74) as a veHow 
precipitate which was filtered and dried. (5.05 g). 

Compound 74: 

•5 NMR (CDC.3) S: 3.99(s, 3H), 7.08 ( t, 2H), 7.,5(d, .H). 7.55(o, 2H), 7.88(d, IH), 8.0(d IH) 
8.32(2d, lH),8.8(d,lH). 

A mixture of compound 74 (29 g), ,0% Pd/C (3 g), and ethyl acetate (400 ml)was stirred 
under an hydrogen atmosphere for 6 hours. The catalyst was removed by filtration and 
20 replaced by fresh catalyst (3 g). The hydrogenation was then continued for another 16 hours 
the catalyst was again filtered off , the filtrate evaporated to dryness and the residue treated ' 
with iso-hexane to give a white precipitate which was isolated by filtration and dried ,o give 
compound 75 (23.5 g). 

25 Compound 75: 

NMR (CDC1 3 ) S: 2.8(, 2H), 3.1(, 2H), 3.62(s. 2H), 3.88(s, 3H). 6.72(dd, ,H), 6.93(m 3H) 
7.13(m,2H),7.23(d, IH). ' 
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Example 15 

Pharmaceutical compositions 

The following illustrate representative pharmaceutical dosage forms of the invention 
as defined herein (the active ingredient being termed "Compound X"), for therapeutic or 
5 prophylactic use in humans: 



(a) Tablet 1 ms/tablet 

Compound X 100 

Lactose Ph.Eur 182.75 

10 Croscarmel lose sodium 12.0 

Maize starch paste (5% w/v paste) 2.25 

Magnesium stearatc 3.0 

(b) Tablet II ma/tablet 
15 Compound X 50 

Lactose Ph.Eur 223.75 

Croscarmellose sodium 6.0 

Maize starch 1 5.0 

Polyvinylpyrrolidone (5% w/v paste) 2.25 

20 Magnesium stearate 3.0 

(c) Tablet 111 mg/tablet 

Compound X 1 0 

Lactose Ph.Eur.... 93.25 

25 Croscarmellose sodium 4.0 

Maize starch paste (5% w/v paste) 0.75 

Magnesium stearate 1 .0 
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(d) 



(e) 



10 



(f) 



15 



20 (g) 



25 



-75- 

Capsule . 

mg/capsule 

Compound X J() 

Lactose Ph.Eur 4g8 5 

Magnesium j 5 

h ^ ml (50mgM) 

C ° mpoundX 5.0% w/v 

1 M Sodium hydroxide solution j 5 0% v/v 

0. 1 M Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400 4 5% w/y 

Water for injection to 100% 

'-^^ UOmgAni) 

C ° mp0UndX 1.0«/o w/v 

Sodium phosphate BP 3.6% w/v 

0. 1 M Sodium hydroxide solution j 5 O o /o v/y 

Water for injection to 100% 

Iz&tmM (Im&hnLMfmdJSLm) 

C ° mp0UndX 0.1% w/v 

Sodium phosphate BP 2.26% w/v 

CitriCaCid 0.38% w/v 

Polyethylene glycoUOO 3 50/o w/y 

Water for injection to 100% 



(h) Aerosol I , , 

mg/ml 



Compound X 10Q 

Sorbitan trioleate ^ 

30 Trichlorofluoromethane 9100 

Dichlorodifluoromethane 49Q Q 
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(i) Aerosol II mglM 

Compound X 0.2 

Sorbitan trioleate 0.27 

Trichlorofluoromethane 70.0 

5 Dichlorodifluoromethane 280.0 

Dichlorotetrafluoroethane 1 094.0 

(j) Aerosol III me/ml 

Compound X 2.5 

1 0 Sorbitan trioleate 3.38 

Trichlorofluoromethane 67.5 

Dichlorodifluoromethane 1 086.0 

Dichlorotetrafluoroethane 191.6 

15 (k) Aerosol IV mfi/ml 

Compound X 2.5 

Soya lecithin 2.7 

Trichlorofluoromethane 67.5 

Dichlorodifluoromethane 1 086.0 

20 Dichlorotetrafluoroethane 191.6 

(1) Ointment mi 

Compound X 40 mg 

Ethanol 300 nl 

25 Water 300*11 

l-Dodecylazacycloheptan-2-one 50 |il 

Propylene glycol to 1 ml 



Note 

30 The above formulations may be obtained by conventional procedures well known in 

the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
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ftr « ra p, e ,„ provide . ^ of Ml , ulose phiha|aK ^ 

fon„u,.„o„ s 00*1 may be «, i„ c,„ Jlmc ,io„ with sla ,, dard . metered dose ^ 

te suspending ageMS Mrlj|M irio]ea , e mi iecithjn 
- suspOTdi „ g agem sucn . ^ monoolcaK ^ 

5 polysoibatt 80. polygly« r „| „ teale or 0|eic Mid 
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CLAIMS 

A compound of the Formula 1 
S — R 2 




Formula I 



5 wherein: 

R 1 is selected from H; -C M alkyl; -CO-Ci. 4 alkyl: -CO-0-C M alkyl; 
-CO-O-C^alkenyl: -C i . 4 alkylene-CONR 4 R 5 (wherein R 4 and R 5 are independently 
selected from H and C j _ 4 alkyl); -C,. 4 alkylene-COOR 6 (wherein R 6 is selected from H and 
CMalkyl); -Ci_ 3 alkylene-Ph and -CO-0(CH 2 ) 0 Ph wherein the phenyl groups in -C,. 
1 0 ,alkylene-Ph and -CO-CXCH^Ph are optionally substituted by R a and/or R b and R» and Rb are 
independently selected from Cj^alkyK halogen, hydroxy, C M alkoxy, Ci_ 4 alkanoyl. 
C M alkanoyloxy, amino, C^^lkylamino. di(C M aIkyl)amino. Ci. 4 alkanoylamino, nitro, 
cyano. carboxy, carbamoyl, Ci_ 4 alkoxycarbonyl, thiol, CMalkylsulfanyl, 
CMalkylsulfinyl,Ci^alkylsulfonyl and sulfonamido; and n=0-4; 
15 R 2 is selected from H; -C M alkyl; -COC M alkyl; and -COOC M alkyl; and 
-Ci.3alkylene-Ph optionally substituted on the phenyl ring by R a and/or R b ; 
R 3 is selected from H; OH; CN; CF 3 ; NO2; -C\A alkyl; -C M alkylene-R7; 
-C w alkenylene-R 7 ; -C^alkynylene-R 7 ; R 7 ; OR 7 (where R 7 is selected from phenyl, naphthyl, 
a 5-10 membered monocyclic or bicyclic heteroaryl ring containing upto 5 heteroatoms 
20 selected from 0,N and S and any aryl ring in R 7 is optionally substituted by R a and/or R b ); 
C 2 . 4 alkenyl; halogen; -(CH 2 )nCOOR 8 (where n' = 0-3 and R 8 represents H, C 1 . 4 alkyl. or 
C 2 - 4 alkenyl); -CONR 9 R 10 (where R 9 and R 10 independently represent H. C|. 4 alkyl. 
C 2 . 4 alkenyl, -0-C M alkyl, -0-C 2 . 4 alkenyl or -Ci^alkylenePh (wherein Ph is optionally 
substituted by R" and R b as hereinabove defined);-CON(R 1 ^R 12 (where R 1 1 and R 12 
25 independently represent H, Cj. 4 alkyl or C 2 . 4 alkcnyl); 

a group of Formula II: -CONR ,3 -CR ,,a R l4 -COOR 17 , (where R 13 and R' 3a are independently 
H or C M alkyl, R 17 is H or CMalkyl, R 14 is selecied from the side chain of a lipophilic 
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amino acid. carbamoyKMalkyl, MKir»tioCi4alkyl)cartamoylCi.4alkyl and ^diC, 
4^1.0^,0,^0 to group of Foral „, a „ tavtoe L ^ n - ^ - 

alpha carton „ rhe correspond free amino acid; a lactone of formula 



-CON (J 

5 R«3 / 



Ci_ 4 alkyl monosubstituted on carbon with =N-OH- 

agrou, .of Formula -X-r" (wncre x „ ^ ^ „ CQ $ ^ 

selected from c^kyl, ^ ^ . 5 .,„ ^ ^ ' 

^ co„,ai„i„ g ^ 5 he ,_ ^ ^ ^ ^ g 

ls optionally substituted by R* and/or R fc ; 
P is 0-3 in which R 3 values can be the same o, different; 
L is a linking moiety .leered from rhe foilowing 8roups wrilK „ from M „ 
Formula I: 

v Oi° ; ^ kx >q-< ; 

-CO-NR -CH2.NR - ; -C„ 2S , « 2 0, -CH.XHr"; -C„=CR,, ; 
«<,.; . CH , N R, 6 ,0. T ,.; W . T . ; . CH2S ., ; h ^ ' 

-acted I-HC^Cm^^^ ^ 
nngtnR .soptton^ly substituted by R-and/or hereiMbove defi[Kd . 



WO 98/07692 



-80- 



PCI7GB97/02212 



A is selected from phenyl; naphthyl; a 5-10 membered monocyclic or bicyclic heteroaryl ring 
containing upto 5 heteroatoms where the heteroatoms arc independently selected from O, N & 
S; 

or a -S-S- dimer thereof when R 2 =H; or a N-oxide thereof: 
5 or a pharmaceutical^ acceptable salt, prodrug or solvate thereof. 
2. A compound according to claim 1 wherein L is -CH 2 N(R'<>)- or -CHjN(R«*)T-. 
3 A compound according to either claim 1 or claim 2 wherein A is phenyl or naphthyl. 
4. A compound according to claim 1 of the formula (HI): 



X 1 is selected from H; Ci^alkyl; hydroxyC'i^alkyl, Ci^alkoxyCi^alkyl: C\. 
6alkylcarbonyl; hydroxyC i ^alkylcarbonyl; C i^alkoxyC l -6alkylcarbonyl: 
15 A is selected from phenyl, naphthyl or a 5-10 membered heterocyclic ring having upto 5 
heteroatoms selected from O. N and S; 

X 2 is selected from H; phenyl; phenylCi^alkyl. a 5-6 membered heteroaryl ring containing 
upto 3 heteroatoms selected from O, N and S optionally linked to A by C l -6alkyl; and X is 
optionally substituted on any ring by R* and/or R b as defined in claim 1 ; 
20 X 3 is selected from H; Ci-6alkyl; 

X 4 is selected from Ci-6alkylsulfanyl; Ci^alkylsulfinyl; Cj^alkylsulfonyl; carbamoyl: N- 
(Ci^alkyl)carbamoyl; N-(diC i-6alky Carbamoyl; and hydroxy or a C i^alkyl ether thereof; 
or a N-oxide pharmaceutical ly-acceptable salt, prodrug or solvate thereof. 
5. A compound according to claim 1 of the formula (IV): 



10 




wherein: 
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11 Formula IV 

wherein: 

X s ' b from c M a, ky , 01iyCMalky , ; . CMalkylPh; ^ 0 . c ,. 4a|ky ,. ph: 

by R and/or R" as defined in claim I ; 
C|-4alkyloxyCj.4aIkyl; 

A* -PhM „ r a ,0 TOmtered ^ ^ hav ,„ g ^ s ^ ^ ^ _^ 

10 R 3 and p are as defined in claim 1 ; 

or a N-oxide or a pharmaceutically-acceptable sal, prodrug or solvate thereof 
6. A compound according to claim I of the formula (V): 

? X 6 



(_V~ CH 2~- N — (CH 2 ), 2 — cH-£7y (R 

X M Formula V ^ 7 

X 

15 wherein: 

X 6 has any value defined for X 5 in claim 5; 

X 7 is Ph optionally substituted by R- and/or R> as defined in claim I • 

20 R and p are as defined in claim I ; 

or a N-oxid, or a pharmaceuHcal., accept salt, p rodw g „, ^ lhereof 

7 - A compound of the formula A: 
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R 2 R 3 




A 



wherein: 

5 Xis OorH2; 
n is 0 or 1 ; 
t is 1 to 4; 

R 2 \ R 3 . R 4 \ and R 5 are independently selected from: H; C|-galkyL alkenyl, alkynyl, aryl, 
heterocyclc, -CO-NR 6 R 7 ' or -CO-OR 6 , unsubstituted or substituted with one or more of: 
10 1) aryl or heterocycle, unsubstituted or substituted with. 

a. Ci-4alkyl, 

b. (CH2HOR 6 , 

c. (CH2)tNR 6 R 7 \ 



d. halogen, 



15 2) 


C3-6cycloalkyl, 


3) 


OR 6 ', 


4) 


SR 6 ', S(0)R 6 ', S02R 6 \ 


5) 


-nr 6 'r 7 ', 


6) 


-NR 6 '-CO-R 7 ', 


20 7) 


-nr 6 -co-nr 7 'r 8 ', 


8) 


-0-CO-NR 6 R 7 , 


9) 


-O-CO-OR 6 , 


10) 


-0-NR 0 R , 


11) 


-S02NR 6 R 7 ', 


25 12) 


-NR 6 '-S02-R 7 ', 


13) 


-CO-R 6 ', or 
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14) -CO-OR 6 '; 

and any two of R-^ p4' ^au^ 

y .R ,R ,andR are opnonally attached to the same carbon atom- 

Y ,s aryl. heterocycle, unsubstituted or substituted with one or more of: 
1 ) CMalkyl, unsubstituted or substituted with: 
5 a. Ci-4alkoxy, 

b. NR 6 R 7 '> 

c C3.6cycIoalkyl. 

d aryl or heterocycle, 

e. HO, 
•0 2) aryl or heterocycle, 

3) halogen. 

4) OR 6 ', 

5) NR 6 V, 

6) CN 

J 5 7) N02,or 
8) CF 3 ; 

R 6 . R 7 and R r ^ independem , y ^ ^ ^ ^ 

zu a; Cj.4alkoxy, 

b) aryl or heterocycle, 

c) halogen, 

d) HO, 

e) -CO-R 9> , 
25 f) -S0 2 R 9 ',or 

g) NRR 1 , wherein 

6' 7' 
R and R ^ m ay be joined in a ring, and 

R and R 8 may be joined in a ring; 
30 R 9 is Chalky! or aralkyl; 

a pharmaceutical^ acceptable salt thereof. 
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8. A compound according to claim 1 which is any one of the following individual 

compounds or a pharmaceutical^ acceptable salt thereof: 

(2S)-2-{2-ben7yl-5-[(cis)-3-sutf 

5 methylsulfanylbutyric acid methyl ester ; 
(2SV2-{2-benzyl-5-[(cis)-3-sulfanylpyn-olidin-2-ylmcthylamino)-benzoylamino}-4. 

methylsulfanylbutyric acid ; 
(2S)-2-({2-phenyl-5-[(cis)-3-suIf^ 
methylsulfanylbutyric acid methyl ester; 

10 (2S>2-({2-phrayl-5-[(cisH 
methylsulfanylbutyric acid; 

(2S)-2-[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)amino]-naphthalene- 1 -carbonyl } -amino )-4- 

methylsulfanylbutyric acid methyl ester ; 
(2S)-2-({3-Kcis>3-sulfanylpynolidin-2-ylmeA 
15 methylsulfanylbutyric acid ; 

(2S)-2-({-3-phenyl-5[(cis)-3-sulfanylpy^ 
methylsulfanylbutyric acid methyl ester; 

(2S)-2-( { -3-pheny 1-5 [(cis)-3-sulfany lpyrrolidin-2-y Imethy laminoj-pheny Icarbonyl } -amino)-4- 

methylsulfanylbutyric acid; 
20 (cis)-2-[{N-(4-methoxybenzyl)-JN-(naphthalen-l-ylmethylamino}-me% 

thiol ; 

N-(naphthalen-l-ylmethyl)-^ 
N-(naphthalen-l-ylmethy» 
acetamide ; 

25 N-[(cis)-3-sulfanyl-pyrrolidin-2-ylmethyl)-3-methyl-N-(2-naphthalen-l-yU ethyl)butyramide ; 
N-[(cis)-3-suifanyl-pyrrolidin-2-ylmethyl)-N-(2-naphthalen-l-yl-e% 

acetamide ; 

(cis)-2-{[(3-mcthoxypropylH2-naphthaIen-l-y^ 

N-[(cis)-3-sulfanyl-pyrTolidin-2-ylmethyl)-2-(4-methoxy-phenyl)-N-(2-naphthalen-2^^ 
30 ethyl)-acetamide; 
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benzoylaminoJ-4-methylsulfanyl-butyric acid 

phenylcarbonyl}-amino)-butyric acid; 

phenylcarbonylj-aminoj-butyric acid methyl ester; 

15 2-(3-pyridyl)-N-(2,2-diphenyI- e thyl). N . f(cis) 3 mifknvl 

. , . ' yh - ,(C1S)3 - suJfan y , Py«T0ljdin-2-ylinethyl).aceta m ide- 

20 pyndme-3-carboxamide; y J 

methylsulfanyl-butyric acid; 

25 methylsulfanylbutyricacid; /'amino} 4- 

methyJsulfanylbutyric acid; 

methylsulfanylbutyricacid; ' 
methylsulfanylbutyric acid; 
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(2S)-2-{2-benzyl-5-[(trans)-3-sulfanylpyrrolidin-2-ylniethylaminol-benzoylamino}-4- 
methylsulfanylbutyric acid; 

(2S)-2-{2-(phcnethyl-5-|(cis)-3-sulfanylpyrrolidin-2-ylmcthyiamino]-bcnzoy!amino}-4- 

methylsulfanylbutyric acid; 
5 (2S)-2- { 2-(4-methylphenylethyny l)-4-[(cis)-3-sulfanylpyrrolidin-2-ylmethy lamino]- 

benzoy lamino } -4-methy lsulfanylbutyric acid; 

(2S>2-{2-benzyl-5-[(cisV3-sulfanylpynolidin-2-ylmethylamino]-benzoylamino}-4- 
methylsulfanylbutyric acid isopropyl ester; 

(2S)-2-{2-benzyl-4-[(cis)-3-sulfanylpyrrolidin-2-ylmethylamino]-benzoylamino}-4- 

10 methylsulfanylbutyric acid methyl ester; 

(2S)-2-{2-benzyl-4-[(trans)-3-sulfanylpyrrolidin-2-ylmethylaminoj-benzoylamino}-4- 

methylsulfanylbutyric acid methyl ester; 

(2S)-2-{2-benzyl-5-[(trans)-3-sulfanylpyrrolidin-2-ylmethyIamino|-benzoylamino}-4- 

methylsulfanylbutyric acid methyl ester; 
15 (2S)-2-{2-phenyl-5-[(trans)-3-sulfanylpyrrolidin-2-ylmethylaminol-benzoylaminoH- 

methylsulfanylbutyric acid methyl ester; 

(2S)-2-{2-phenyl-5-[(cis)-3-sulfanylpyrrolidin-2-ylmethylamino]-benzoylamino}-4- 
methylsulfanylbutyric acid methyl ester; 

(2S)-2-{2-benzyl-5-[(cis)-3-sulfanylpyrrolidin-2-ylmethylamino]-benzoylamino}-4- 

20 methylsulfanylbutyric acid methyl ester; 

(2S)-2-{2-(4-methylphenethyl)-4-[(cis)-3-sulfanylpyrrolidin-2-ylmethylamino]- 

benzoylamino}-4-methylsulfanylbutyric acid methyl ester; 

(2S>2-{2-(4-methylphenylethynyl)-4-[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)amino]- 

benzoy lamino} -4-methy lsulfanylbutyric acid methyl ester; 
25 (2S>2-(2-methoxyethyl)- 1 -[(cis)-3-sulfanylpyrrolidin-2-ylmethyl)-4-(naphth- 1 - 

oyl)piperazine; 

(cisV2-[N-isovaleryl-N-(2-(napth-l-yl)ethyl)aminiomethyl]-3-sulfanylpyrrolidine; 

(cis>2-rN-(3-pyridylacetyl)-N-(naphth-l-yl)ethyl)aminomethyl]-3-sulfanylpyrrolidine; 

(cis>2-[N-l-oxido-6-methoxypyridin-3-ylcarbonyl)-N-(naphth-l-yl)ethyl)aminomethyl]-3- 

30 sulfanylpyrrolidine; 

(cis)-2-[N-thiazol-5-ylcarbonyl)-N-(naphth-l-yl)ethyl)aminomethyl]-3-sulfanylpyrrolidine; 
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(2S)-2-[2<4-fluorophenethylH. r (cis)-3-sulfanyl)-p yrro lidin-2- 
y'^Mamino^enzoylaminoJ^-methylsulfanylbutyric acid- 
-thyl (2S>2- f 2-(4- flu orophe„ethy. H -t(cis)-3-suIfanyl^ 
ylmethylaminObenzoylaminol^mcthylsulfanylbutyrate: 
5(2S)-2-f2-(4-fluorophe„ethylH-((2R ( 3R)-3-sulfanyl-p yrro lidin-2- 
ylmcthyla m ino)be„zoyJaminoJ-5- m ethylsulfanylbatyricacid- 

aramoM-melhylsulfanylbutyric acid methyl ester • 

■nunoM-methytalfanyHmyn, ^y. ' P^'^nyl)- 

J 2 ^io^ 2 ' "* 4 " nlethoxybenz >' l )--ld-<naphthaJen- 1 -yimethyl)-amino} -meUiylJ-pynoij,! inc _ 

3 °™" 3 ^'- p ^^^ 
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( 2 R3R>2-{[(3-Methoxypropyl)-(2-naphthalen-l-ylethyl)aminolmethyl}-pyrrolidine-3-thioU 
N<[2R,3R]0-sulfanyl-pyrrolidin-2-ylmethylV2H4-methoxy-phenyl)-N-(2-naphthalen-2-yl- 

ethyl)-acetamide ; 

(2R,3R)-2- { [(2-(4-Mcthoxyphenyl)cthyl)-(2-naphthalen- 1 -ylethyDaminol methyl}- 

5 pyrrolidine-3-thiol ; 
N-(2,2-Diphenyl-cthyl)-N-((2R,3RJ-3-sulfanyl-pyrrolidin-2.ylmethyl)0-me^ 

N-(f2R^RJO-sulfany|.pyrrolidin.2-ylmethyl>33-dimethyl-N-(2-naphthalcn-2-yl-ethylh 
butyramide ; 

N-(2,2-Diphenyl^thyl)-NK[2R,3R]-3-sulfanyl-pyrrolidin-2-ylmethyl)-3,3-dimethyl- 
10 butyramide ; 

(2S>2-{3-[([2R,3R]0-sulfanyl-pyrrolidin-2-ylmethylV(3-methoxy-propyl>aminoV 

benzoylamino}-4-methylsulfanyl-butyric acid ; 
N-([2R3R]0-sulfanyl-pyrrolidin-2-ylmcthyl^ 
butyramide ; 

15 (2S)-4-<^bamoyl-2-({2-phenyl-5-t([2R,3R1-3-sulfanyl-pyrrolidin-2-ylmethy])-amino]- 
phenylcarbonyl}-amino)-butyric acid; 

(2S)-4-carbamoyl-2-({2-phenyl-5-[([2E,3E]-3-sulfanyl-pyrrolidin-2-ylmethyl)-aminol- 
phenylcarbonyl}-amino)-butyric acid methyl ester; 

2-(3-pyridyl)-N-(2,2-diphenyl-ethyl)-NH(2R,3R)-3-sulfanylpyrrolidin-2-ylmethyl)- 
20 acetamide; 

6-methoxy-l-oxido-H-(2,2-diphenyl-ethylVN-((2R,3R)-3-sulfanylpyrrolidin-2-ylmethyl)- 
pyridine-3-carboxamide; 

N-(naphthyl-l-yl^thyl)-N-{f2R,3R]-3-sulfanylpynolidin-2yl-methyl)-thiazole-5- 
carboxamide; 

25 6-methoxy-lH>xido-N-(naphmyUl-yl^thyl)-N-((2R ) 3R)-3-sulfanylpyrrolidin-2-ylmethyl)- 
pyridine-3-carboxamide; 

(2S>2-{2-benzyl-4-[([2R,3R]3-sulfanyl-pyrrolidin-2-ylmethyl)-amino]-benzoylamino}-4- 
methylsulfanyl-butyric acid; and 

(2SV2-(2-methoxy-ethyl>K[2R,3R]-3-sulfanyl-pyrrolidin-2-ylmethy!)-4-naphthoyl- 
30 piperazine. 
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A pharmaceutical co m position which co mprises . compound accordjng „ 
dams , to 8 and a phannaceutically-acceptab.e carrier. 

A method of inhibiting farncsylation of mutant ras gene in a natien, ren, ■ , 
rrMtmo „ f . . . . scne m a patient requiring such 

treatment by administering an effective amrmnt „r 

the patient. C ° mP ° Und ° f the formu,a (I > t0 



II. 
12. 



A expend ^fc, „ my ^ of c|ajms ( (o s fc _ ^ a 
A expound —nfa. ,o ^ « of c, aims , „ , for M „ fc „ 
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comprises deprotecting a compound of Fonnula VI: 



-Pr 2 



» — N Formula VI 

\ 



Pr' 



1 5 an amino protecting grouc Pr kHnro t u- or 

X 8 areonH n ,S " ^ 3 th,<> Pr0tectin 8 8^P and any functional groups in 

X are optionally protected with the proviso that there k«.i . 
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